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PREFACE. 



This work, as its title implies, has been written 
for a practical purpose, \i!e., to furnish students and 
practitioners with a concise account of the beat 
methods of examining chemically, abnormal blood, 
urine, morbid products, etc., at the bedside or in the 
hospital laboratory. It has been purposely made as 
simple as possible. 

In spite of the dis[>aragementB of such eminent 
dinieal teachers as Gra\'es and Trousseau, chemistry 
has become more and more impoi-tant to the physician 
aa a means of elucidating many pathological con- 
ditions, or of determining the character of the morbid 
changes effected in tissues or secretions. Indeed, it is 
becoming more and more evident that we must 
eventually look to Clioiiiistry for infoimation witli 
regard to the priinaiy alterations that occur in fluids 
aud tissues, and which are the first st«p in every 
disease. But even if original investigation in this 
direction is not engaged in, the student or prac- 
titioner will find that by making a chemical exami- 
nation of the secretions, abnormal products, etc., when- 
ever he has an opportunity, he gains such con-iideralAa 
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iiisiglit into the natui-e of tliu morbid processea pro- 
ducing thorn, as enables him more effectually to 
comprehend their nature and modify their ill effects. 

Ah few medical schools are now without physio- 
logical tuul chemical lalioratories, in which student 
can obtain the necessary manipulative skill, I have not 
cumbered the text with minute dii'ectione with regard 
to apparatus, or with instructions for the conduct of 
such simple oporetions as weighing, evaiwration, fil- 
toi-iug, drying precipitates, etc, as the studenta to 
whom this work is addressed will have already gone 
tlu-ough a course of practical training. Those, however, 
who have not done so will find the neoessaiy instruc- 
tionfl in my work, " DemonBtratioQB in PhyBiologieal 
Chemistry," which I wrote for the purpose of instruct- 
ing second-year students ia the practical operations of 
the ktboratory. 
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Section A. — Orqasic Con9tituekts of the Asimal 
Body. 

1. Object of study. — It is proposed, in the 
pi*esBnt work, to confine our attention to those points 
of chemistry in so far as they relate to the study of the 
chemical phenomena concerned in effecting abnormal 
qualitative and quantitative changes in the constitu- 
tion of the tissues and fluids of the ammal body, and 
their pi-actical bearing in relation to clinical medicine 
and pathology. Befoi'e, however, proceeding to the 
main object of study of thia branch of science, it will 
be necessary to consider briefly the proximate and 
ultimate composition of tbe principles of the animal 
body, and the nature of the processes which produce 
the various decompositions and variations that are 
constantly occurring under normal conditions. 

3. Ghemlual compoiiitloii of the tissues 
and fluids. — If we submit a tissue or fluid to the 
action of heat, we find that with a moderate degree, 
100° C, it loses weight and beaomes dry; the loss of 
weight is due to removal of water; the dry residue 
repreaenta the solid material present in the substance 
submitted to aualyHis. If the heat be now raised con- 
siderably, tbe dry residue chars or carbonises, showing 
the presence of oroa»io matter ; if tbe heat be long con- 
tinued thia undei^oes complete combustion, leaving an 
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ash which resists all furthcii; change on the application 
of heat ; this ash, which consists of mineral salts, is 
known us the inorganic residue. If, however, wa 
snbmit the tissue or fluid to a slightly more complex 
analysis, we shall find that tlie organic and inorganic 
residue consist of various substances, each of which 
can be removed by appropriate means. For instance, 
if, after having driven off the water, we treat the dry 
residue with ether, we find that tlie etherial solution 
will yield, on evaporation, a. greasy residue, which 
represents the fats extracted from the tissue or fluid. 
If, after the removal of the fatty matters, we treat 
the original residue successively with boiling alcohol 
and boiling water, we shall find, on evaporating the 
alcoholic solution and the aqueous solution respec- 
tively, that each will give a residue containing sub- 
stances soluble in these agents, and which have been 
estracted from the original mass by tiieir means. 
These substances, which are various, are designated as 
ESTRACTIVES, and oousist chieBy of certain organic 
substances such as urea, uric acid, kreatin, etc., and 
the SOLUBLE salts of the inoi^anic constituents, whilst 
to separate them from each other further means of 
analysis have to be employed, and special tests ap- 
plied to identify their characteristic reactions. After 
the fatty matter and the alcoholic and a,queous estrac- 
tives have been removed, there remains an elastic and 
somewhat horny mass, which consists of proteid 
material (albumin, fibrin, globulin, eta), and which 
chars on being burnt, leaving a residue of such salts of 
the inorganic constituents which are issolublb in 
boiling water, and some of the soluble salts not taken 
up by extraction by water. By this elementaiy 
analysis we have learnt, fii-st, that the tissue or fluid 
consists of water and solids ; secondly, that the solids 
fwnsist of organic and inorganic substances, and that 
these uiay be fui'ther dividwi': (1) The organic into 
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proteid substances, fatty matters, and extractives ; (2] 
the inorganic into soluble emd insoluble saline cdq- 
atituents. The next step in the investigation is (1) to 
Beparato and diBtitiguisL the constituents present in 
each group from each other ; in the Proteids, the 
Tariaiis albtimins \ in the Fats, the saponiSable fata, 
cholesterin, etc. ; and in the Extractives, the nrea, nric 
acid, etc., and the composition of the Soluble and In- 
soluble salts ; (2) to determine the nature, Epecial 
characteristics, and ultimute chemical compositian of 
each substance so separated. 

3. Compesilion and constitution or or- 
Bamic substances. — There is no essential difference 
between organic and inorganic chemistry. Organic 
chemistry is simply the chemistry of carbon compounds, 
and accordingly we find that the organic principles wa 
meet with in the anioial body consist of carbon united 
in various proportions with hydrogen, oxygen, nitro- 
gen, and some li^ss abundant elements, auoh as sulphur, 
phosphorus, and iron. 

'4. Nitrog'enons and nou - nitrogenous 
compounds. — The carbon compouniJs, or organic 
principles, £or purpose of convenience are divided into 
two distinct groups, viz. ; (1) The non-nitrogen- 
ous, and (2) the nitrogenous ; thosi 
element nitrogen is absent, and tho: 
present. Both these groups ar 
principles which form the basis of the 
and fluids, the first by the starchy, saccharine, and 
oleaginous principles, the second by the proteid or 
albuminous. These principles, which are usually dis- 
tinguished by the term proximate, after fulfilling their 
purpose in the economy, undergo a series of changes 
(mitaholic), are bi'oken up and oxydised, and are 
tinaUy reduced ; the former to carbonic acid and water, 
the latter to carbonic acid, water, and ammonium car- 
lioiuite (urea). But before this flnal reduction is 
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reached, vanous intermediate products are produced ', 
thuB, the oxydation of the non-nitrogenoua principles 
yields lactic acid CjH,0„ oxalic acid CjH,Oj, acetic 
acid CjH.Oj, formic acid CHjO,, and ultimately 
carbonic acid CHjO^ The nitrogenous group, in ad- 
dition to the forniatioa of products identical with the 
above, yield by oxydation a aeries of bodies, the lowest 
term of which is urea, the ammoniated form of car- 
bonic acid ; thus, leucin CjHijNOj, and kreatin 
CjH^NjO,, and ptjrhaps uric acid CsHjNtOj, are 
recognised antecedents of urea CH^NjO. 

h. ClasfeiHcatiun of tbe compounds of 
corboiii — These are {1) the compounds of carhon 
with hydrogen, or the hydrocarbons; ['!) the com- 
pounds of carbon with nitrogem 

(1) The hydrocarbons. — The classification of 
these bodies is based upon the atomicity of carbon, 
which, being a tetrad element, requires 4 atoms of 
hydrogeu, or some otiier monad, for its full saturation, 
i.e., to satisfy all its combining; powers; the fully 
satisfied hydrocarbon molecule will therefore be repre- 
sented by the formula CH^. Each additional atom of 
carbon requires, however, only two additional atoms 
of hydrogen to maintain the saturation, because a 
portion of the combining power of each carbon atom 
is employed in linking tbe carbon atoms together. 
The following diagram illustrates this important 
theory, which, it must be remembered, is applicable to 
all kinds of carbon compounds. 
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It follows from this that all carbon compound: 
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arrange themselves in series, the members of which 
differ from one another by CH, or by some multiple 
of CHy Thus we have formic acid CHjOj, acetic 
acid CjHjOb propionic acid CjHjOj, and bo on. 
Series of this kind are termed hrimologom aeries, and 
the members are said, to be homologueg of one another. 
(a) Mj/drocarbon radicals. From the above con- 
siderations, we deduce, as the general formula for a 
saturated hydrocarbon, the expression C„Ha, + i, in 
which n may denote any number of atoms. If a 
hydrocarbon coatiiina a less number of hydrogen 
atoms than the above formula requires, it is, or may 
be, a. radical; that ia, it may exist in compounds, 
and play therein the part of an elementary atom. 
Some hydrocarbons, however, which appear from their 
formtihe to be unsaturated are really saturated, or at 
any rate have an atomicity less than that indicated by 
the above theory. It is not necessary in this work to 
enter into the theoretical explanation of this apparent 



The atomicity of such a radical must obviously 
depend on the number of hydiogen, or other monad 
atoms required to complete it Thus the radical CH, 
is a monad, CH, a diad, and CH a triad. Their 
fnnction in compounds is well illustrated by their 
chlorides, which are strictly comparable to metallic 
chlorides. 

Chloride of 
sodium NaCl. zinc Zn"Cl, bismuth Bi"Cl, 

methyl CHjCl. methylene CHsCJ, formyl CHCl, 

Those of the hydrocarbon radicals which contain 
an even number of hydrogen atoms are capable of 
existing in the separate state, and most, but not all of 
them, have actually been prejiared. Ethylene CjH^, 
and acetylene C,H„ are examples. Those, on the 
other hand, which contain an uneven number, such ua 
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nietbyl CH,, ethyl OaHj, and glyceryl CaHj, cannot 
exist in tbe free state, but only in compounda. 

The names and formulce of a few of tbe more 
important hydrocarbon radicals are given in tbe 
following table. 

Taulb of Princii-ai. HY»aocASBON Kapicai.s. 



MON*JW 


DiAr 
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T...„=. J 




OMnea 


ri^B. 




Mpthyl . . CH, 
Ethyl . . CM, 


+ 




+ 1 






EfhineorAcBty- 










Propj-1 . . C,U, 


Propylene 


C,H„ 


Prapiae or Ally- 
lena ... C,H. 


Bntyl . . C^H, 


Butylene 


..«. 


Quttrtina Or Cro- 
tonylBne . . C.H, 


Amyl . . 0,Hi, 


Amyleue 




letylane . . C.H. 






U.„ 


Sextine or Dial- 
lyl . . . . C,H,„ 



(b) Bydrocarbong of the aromatic aeries.— Beneene 
CjHj, and toluene C,Hj, arc the most important mem- 
bers of this series. By the rule before given, they 
. should be octads, but they possess the properties 
of saturated hydrocarbons, and are not therefore to 
be reckoned among the radicals. From them are 
derived the important monad radicals, plienyl C,H,, 
and toluyl C,H,. 

The hydrocarbons, under various conditions of 
oxygenation and dehydration, form various well-known 
bodies, as alcohols, aldehydes, and organic acids. 

I. Alcohol.— \a an alcoliol, a monad, diad, triad, 
etc., hydrocarbon radical replaces one or more atoms 
of H in onn or more molecules of water. It is, ij 
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fact, a hydrate of a hydi'ocarbon radical, as t 
following show ; 

(a) Ordinary ethyl alcohol C,H,0 is fonned by 
the monatomic radical ethyl CjHs replacing one atom 
of H in the single molecule of water thus, 'it" > O. 

(i) Glycerin, or glyceiyl alcohol CaHjO,, is formed 
by the triatomic radical glyceryl CsHj'" replacing 
3 atoms of H in the treble molecule of water .,' \ O5 

thua,*^»^>"'}03. 

(c) Maiinite OeHnOo, a saturated hexatoniic alco- 
hol, is formed by the hexatoaiic radical CjHj replacing 
6 atoms of hydrogen in the molecule tt° \ Oa thus, 

Q^«io 

II. Aldehydes {alcohol de hjdn'jenatus). — If an 
alcohol be subroitted to oxydation it loses two 
atoms of H, and is converted into a neutral body, 
called an tddehyde, which, having a great affinity for 
oxygen, rapidly absorbs it from the air, and is con- 
veiied into an acid. Aldehydes are therefore com- 
pounds intermediate between the alcohols and the 

(a) Ethyl alcohol C,HaO deprived of 2 atoms of 
H forms ethyl cddekyde C',H,0, and ethyl aldehyde by 
oxydation yields acitic aeid C,H,Oy 

(6) Mannite CoHnO, deprived of two atoms of H 
forma mannitoue G^Ri Oj, a sugar isomeric with 
glucose, dextrose, and other saccharine bodies, which 
are called carbo-hydrates. These, however, are not all 
aldehydes (some are ethers, others alcohols), but they 
are all derivatives of the hexatomic radicals. And 
mannitose by oxydation yields mannitic acid CoHuO,. 
-fieUf^fis .or aaUones ^e , bqdiea isomeric yniih the 
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flldehydea, but are distinguislied from them with regard 
to their behaviour with oxygen and hydrogen. With 
the former, an aldehyde unites directly to produce an 
acid ; with » ketone or acetone two acids are formed. 
With the latter, an aldehyde forms a primary alcohol, 
whilst with & ketone a secondary alcohol is produced. 
iiL Organic acids. — As stated above, the or- 
ganic acids may be regarded as alcohols, in which a 
portion of the hydrogen of the radicals is replaced by 
oxygen. They are therefore formulated as derived 
from a single, double, or treble molecule of water by 
the replacement of H, H, or H, by a monad, diad, or 
triad oxygenated hydrocarbon radical 



(a) Acetic acid 0,^,0^ is formed by the oxydised 
radical acetyl CjHjO, which has replaced one atom of 

„ . , ^, aH,o 1 ^ 

H m water, thus ' tt f 

(6) Glycollic acid C,H,Oj is a double molecule of 
%™ter in which hal£ the hydrogen is replaced by 
glycollyl 'it f Oj. In fact, it is etliylene alcohol 

''„* [ Oj in which two atoms of hydrogen of ethy- 
lene are replaced by one atom of oxygen. 

(c) Oxalic acid CjHjO, is a double molecule of 
water in which half tJiB hydrogen is replaced by 

o^i^yl tt' f 0, Here the whole of the hydrogen is 
replaced by oxygen. It will be seen tliat both these 
acids are related to ethylene alcohol as acetic acid is 
to ethyl alcohol. 

Amines. — When a hydrocarbon radical replaces 

^\ 

the typical hydrogen of the molecule H ) N, the 

h) 

resulting compound is called a primary, secondary, c 



I Chip. I.J 

■ tertiarj a 

■ of hydra 
I amines B 

■ hydrogen 



hydrogen of 

Dnis. MeCbjIiunii 

HI CHj 1 

hJ ^ hJ 
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ne, according as one, two, or three atoms 
a Bre replaced. Thus, the following 
obtained by tlie substitution of the 
by methyL 



Dlmet.lij'l&miiie. TritaetLylunin^ 

CH,] OH,] 

CH, [N. CHa t N. 

H J ChJ 

Secondar; Bmioo. Tertiu; Emioe. 



Amides, — When an acid radical replaces any part 
of the typical hydrogen of ammonia, the resulting 
compound ia called an amide. As some of the 
itmides play a very important part in the animal 
economy, it is necessary to study their constitution t 
little more closely. 

For this purpose it will he convenient to write I 
the fonnulte of a. few important acids in a form whi(^ | 
{b a, slight variation of that previously used. 



C,H,0 HO 
CjHOs HO 



Acetic acid = CjHjOl 

hJ 

Benzoic „ = CjH^Ol 



O 



C^H,0 HO HO Glycollio 

+ + 

0,0, HO HO Oxalic 

C,HjO HO HO Lactic 

C,0, HO HO Meaosfllic 
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In the abovB table we have acids of tl 
kinds, all capable of yielding Btnides, 

(1) In acetic and benzoic acids we have examples 
of acids which are simply monobssio. The amides of 
these acids are called nionamides, and are very 






They differ froni the corresponding amines, 
the acids do from the alcolols. 

(2) Oxalic and mesoxalic acids are examples of 
dibasic acids. They are, in feet, dihydrates of the 
i-adicals CjO, and C,0^ Now these i-adicals, being 
diads, are capable of replacing two atoms of hydrogen 
in the double motecule of ammonia. In thie wuy 
neutral amides of the kind called diamidea are formed. 

Urea, is by far the most important of the 
diamides. 
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OlMlidB 


Ura. 


ilyldlamidi) 


(«rbon7ldlius] 


CAl 


001 


H, N, 


H, N 


H,J 


H, 



A 



But from all dibasic acids a tnowid as well as a 
diftd radical may be derived by merely deducting HO. 
Thus from sulphuric acid, 80, HO HO, we get not 
only the diad radical S0„ hut also the monad radical 
KO, HO. The following formulte exhibit this : 

(SO,)" HO HO 
(SO, HO)' 01 
(SO,)" 01, 
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When I 
i2»£a«ic acid replaces 



^e monatomic raAicale of a 
the hydrogen of ammonia, a 
moQamide is formed. But, as there is stUI one atom 
of replaceable hydrogen attache^ to the radical, this 
atom can at any time be replaced by a metal or a 
hydrocarbon radical, and thus the acid character is 
not entirely lost. From a dibasic, the acid becomes, 
in fact, a monobasic one. Acids of this kind are 
called amia acids. Thus we have 



C,0, HO 1 C,0, A,0 

H In. 



C,0, CHjO"! 

h[n. 

H 



{3) GlycolUc and lactic acids are examples of acids 
which are diato-mic as to their structure and Titniiobaiic 
as to their projiertiea. Only one of the two typical 
hydrogen atoms that eaoh coatainB can be replaced by 
nietals. The diflerence has been indicated in tlie 
formulES giTen above for the acids by marking the 
replaceable hydrogen by a j/lun, and the non-replace- 
able by a 7imiua, sign. The effect of this peculiarity 
is that two mmiad radicals, one neutral and one acid, 
oan be derived from each acid. These radicals replace 
one atom of hydrogen in the single molecule of 
ammonia, just as the monad radicals of dibasic acids 
do, and motiamides are formed ; but tliese moiiamides 
are amic acids if the radical so introduced contain the 
replaceable atom of hydrogen, or neutral amides if it 
contain only the non-replaceable atom. Thus trouk 
glycollic acid we have 



C^O HO 1 C,H,0 KO 

" -N 



O, glJOOUJlIMiW. 

1 CjHjO CH3O 1 
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laoC,H,0 HO 



E 

Analogoua to this last we have leucin, the neutral 
amide of leucic acid, whioli ia one of the homologues 
of glycollic acid. 

Derivations of lirea, — A. Horaewhat nnineKms 
and complex class of bodies ia known, the membera 
of which contain (■adical, or residuet of urea, together 
with radicals derived from various acids. Many of 
the deiivatives of uric acid belong to this clasa, 
3S also do the important compounds kreatin and 

In many cases great difference of opinion exists 
OS to the exact irtructui-e of these compounds, as they 
may be described by several formulte. Kreatin ia 
generally considered as containing residues of urea 
' 1 {methyl-glycocin). Its formula on the 
a type may therefore be written as follows : 

It is capable of taking up the elementa of water 
and splitting into urea and sarcnain. The following 
comparison of the formulie of these two compounds 
will serve to illustrate this. The atoms which have 
to be removed to produce kreatin are printed in italics. 



Compounds which contain < 
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I oxydation of uri< 

I PBtabui. 

CO ) 
I 0,0, >N, 

^^^ E.) 

^^^ 0,0, ,-N, 



. moaureide, aod eo 
are obtained bf thti 



Compounds which contain two urea radicals are 
colled diureides. Allantoin, ixant/iin, hypoxanlhvti, 
and uric acid belong to this class. There is still somp 
doubt as to the exact conatitutioa of uric acid. It is 
best represented by the hypothetical formula as oon 
sasting of one radicaJ of tai-tronio acid and two of 
area. 



(3) Camponndsorcarbonwitbnltrogen— 

Carbon and nitrogen do not directly unite, but there 
exists a series of compounds containing the monatomic 
radical CN. called cyanogen. These cyanogen com- 
pounds may be regarded as derivations of ammonia, 
and are also connected with the compounds formed 
by oxalic acid with ammonia. Thue, we saw, when 
considering the amides, the diad radical of oxalic acid 
was cajMible of replacing two atoms of hydrogen in 
the double molecule of ammonia, forming a neutral 
amide of the kiud called diaiiiide; thus, urea also 
belongs to this group of diamides, since in it the diad 
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radical CO" rejilacea two atoms of hydrogen in a double ~ 

44 



0,0,1 



Urea, however, can be foiined directly by heating 
n cyanate ; thus, 



i,}° 



CO") 



Other compounds of carbon with nitrogen exist, whoso 
exact constitution are not yet precisely determined, 
(a) Alkaloids : nitrogenous baises believed to belong to 
the compound ammonias ; they combine with acids 
to form salts, and double crystallisafale salts with 
platinio chloride. They are derived from the vegetable 
kingdom, therefore their presence in the animal tissues 
and fluids when found in them is only incidental. A 
class of bodies derived apparently from putrefactive 
changes of animal substances called ptoaminet are 
closely related to these vegetable alkaloids, and may 
be mistaken for them, especially for strychnia, 
(a) Certain Colourimj matters, of which the indigo 
group is the chief. Indol CbH,N, one of the products 
of pancreatic digestion, stands at the head of this series, 
of which uro-xanthin or iiidigogea, one of the urinary 
pigments, and indican, a glucoside of indigo, are 
members. (7) Albaminoug or I'ratrid Biibstimces, such 
as fibrin, casein, globulin, egg albumin, etc., which 
foi-m tho basis of the tisaues and fluids of the body. 
&eme ahemists hold thnl the prot«idB arc formed by 
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the combination of aa azotised principle, of a dibasic 
acid character, with different s^ne tHLses in varying 
proportions. Others, that these substances contain a 
radical called yeoiwn, combined with more or less 
hydrogen, sulphur, and phosphoms, according to the 
nature of the substance. 

6. SfDthesis and aaalyais. — For many years 
it was supposed that organic substances could be 
formed only by the agency of a living organism. In 
1828, however, Wiihler obtained urea by evaporating 
ammonium cyanate, and since that time chemists 
have obtained by artificial means a large number of 
compounds formerly obtainable only from animal 
or vegetable organisms. These syntheses are efiected 
either by bringing together molecules of simpler 
constitution to form a more complex body, as in the 
case of hippuric acid ; 



or by building up a 
inorganic sources ; 
by heating carbon r 
at 100° C. 



CO 



□noxide with potassium hydrate 



HEO 



or, as Kolbe formed acetic acid from carbon di* 
sulphide. 

In nature this formation of organic compounds 
from inorganic materials (synthesis) is effected by the 
agency of t!ie vegetable kingdom. The plant under 
the influence of the raya of the sun liberates a 
quantity of oxygen from inorganic constituents such 
as carbonic acid, water, and ammonium carbonate, 
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which exist in the soil and air, converting them into 
those saccharine, oleaginous, and albuminous prin- 
ciples which form its tissues and juices, and which 
ultimately furnish the animal world with food. For 
example, carbonic acid by deoxjdation under certain 
conditions may yield manuite ; thus 

6C0, + 7H,0 — 13O = CbHi,0^ 

That plants exert this deoxydising power is readily 
shown by a. very simple experiment. If a bunch 
of fresh green leaves be plunged into a broad necked 
bottle containing freah spring-water, or water contain- 
ing carbonic acid in solution, the bottle turned mouth 
downwards into a ba.3in of water so as to exclude the 
air, and the whole placed in strong sunlight for an 
hour or more, the leaves will become covered with 
minute bubbles of oxygen, which is derived from the 
decomposition of the carbonic acid of the water ; 
the oxygen being set free, while the carbon is 
absorbed by that plant to form its tissues. In this 
process of deoxydation, however, a conaiderabla 
quantity of force derived from the sun's rays is 
rendered latent, or, to speak more accurately, be- 
comes potential, one portion being taken up by the 
liberated oxygen, the other accumulated in the 
tissues and juices of the plant ; and this force will 
remain latent till the oxygen and carbon are again 
united. 

The reunion of carbon with oxygen is effected, 
either by the direct burning of carbon in oxygen, 
as takes place when fuel is burnt in our grates or 
stoves ; or when the carbon elements of food and 
tissues are submitted to the action of the respired 
oxygen, and the potential enei'gy assumes the active 
or kijietic condition of heat and motion, whilst the 
carbon compounds are reduced again to their original 
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inorganic state of carbonic acid, water, and a 
carbonate. That animals exhale carbonic acid is 
demonstrated by the turbidity produced by passing a 
ciiirent of expired air through lime water, the lime 
being converted into calcium carbonate or chalk ; and 
we know tliat oxygen is absorbed, from the fact of its 
diminution in the atmosphere of close, crowded, and 
ill-ventilated apartments. Thus the vegetable Qrganiam 
is chiefly employed in bniiding np sj/nUietically iu- 
oi;ganic into organic matter, whilst the animal ana- 
lytieadly reduces organic componnds back again to 
their original inorganic conBtituenta. These proceaaea 
of deoxydatioa and oxydation do not at once raise or 
i-educe the various substances to or from their 
elementary condition. On the contrary, the proceas ia 
slow and gradoal, eeveral intermediate products being 
formed. De Luca, for example, has shown that in 
the ripening of the olive carbonic acid is first replaced 
by eertftin acids, as oxalin, tartaric, etc., and these by 
mannile ; which in its turn is deoxydised and con- 
verted into olein. On the other hand, in the de- 
composition of albumin a number of intermediary 
bases and fatty acids are formed, such as uric 
acid, xanthin, kreatin, lactic acid, and oxalic acid, 
before the final osydation to urea and carbonic 

7. Oxydation and rermeDlation.— Although 

it may be broadly stated that the processes going on in 
the animal body are Bnally analytic, still certain syn- 
thetic processes do occur, a.s for instance the conversion 
of carbohydi-atea into fat, and the elevation of the 
proteids and pej>toneH into tiaanes of a more complex 
form. These processes, however, have not as yet 
been sufficiently investigated- The downward trans- 
formation towards carbonic acid and urea, 
non-nitrogenous and nitrogenous substances undei^iyS 
and to which the term Tnelaiolia/n has been ap[" 
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Lave been the subject of much study and coiaider- 
ntion, though ouv knowledge ia still very imperfect 
in tliis direction. Formerly it was held that tissue 
changes depended on the amount of oxygen taken 
in by the lungs, so that on increased respiration a 
more intense combustion took place, and metabolism 
was increased with the production of more oaibonic 
acid and urea, whilst, when respiration was impeded, 
nxydation was imperfectly performed, and, as a con- 
sequence, many of the intermediary products, as oxalic 
acid, uric acid, etc., were not burnt off, but were 
eliminated in an iraperfeelJy oxydised condition. It is 
upon this view that most of the chemico-pathologicaJ 
speculations at present held ai'e based. But the view 
ia now gaining ground that the cells are to a certain 
extent independent of the amount of oxygen supplied 
to them by respiration ; that is to say, though they 
originally obtain oxygen by the process of respiration, 
they are ftble, so to speak, to stow it away, and make 
use of it independently, under certain vital conditions 
which bring alwut intramolecular changes in their com- 
position, so that reduction is a prior, or at least a 
simultaneous, process with oxydation. According to 
this view, instead of increased metabolism being the 
result of increased oxydation, it is the increase of the 
intraiuoleculiLr action in the cells themselves that 
occasions the demand for oxygen, and a more active 
condition of circulation and respiratiorL Accordingly, 
in fever, the earliest step is the increase of intra- 
molecular changes in the cells themselves, under the 
stimulus probably of the zymotic poison ; for when 
the stored-up oxygen is exhausted, then a demand for 
a fresh supply causes an increased frequency of pulse 
and respiration, which continues so long as the 
stimulus (zymotic) acts on the cells und maintains 
this abnormal intramolecular activity. The fact that a: 
' 1 the amount of urea excreted by the urin 
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nften preoedea the rise of tempprature* gives support 
to this view, as does the fact of the gi'adual but steady 
increase of pulse, respiration, and temperature, during 
the early stages of febrile action. For the acceptance of 
this view it is necessary to discard the idea that oxydo- 
tion occurs in the blood itself, aod to hold that though 
the quantity of hiemoglobia in the blood is the measure 
of the oxydiaing power within the body, it is the 
tissues that determine the amount of oxydation. It ia 
not the place to discuaa the physiological reasons and 
experimenta on which the view that the oxygen of 
arterial blood passes into the tissues is based, nndrfor 
which the reader is referred to Professor Michael 
Foster's work on " Animal Physiology ;" it will be 
BUfEcieivt to state that it ia founded on the fact that 
oxygen in the arterial blood reaches the tissues in a 
state of high tension, while the oxygen in the tissues 
is in a state of h>w tension. As a consequence oxy- 
iifemoglobin becomes reduced ond passes on as venous 
blood. 

Among the processes which induce transformations 
in complex organic sulistances, fermeniatvm, next to 
oxydation, holds an important place. 

There ar^ two kinds of ferments : 

(o) The organited ferments, such as the yeast 
plant, with powers of growth and reproduction, 
and whose ferment power cannot be separated 
from the ferment organism by filtration or any 
solvent ; 

(6) The unorganised or Uie soluile fermenta, which 
are freely soluble in water, and are incapable of 
growth and reproduction. These are the salivary, 
gastric, and pancreatic ferments. 

In the first group the action of the ferment is 
towards the conversion of the substance into carbonic 

Ilalfe : Med. Times and 
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ftcid, cei'tain interiuediate products being formeSfl 
thus, with 

( 1 ) Yea«t (Mi/coderma cereviMie) : 

GlaooM. Alcohol. C>rhaiHo ■old. 

C,H,A + 2H,0 = 2CsH,0 + 2CH,0, 

(2) Lactie acid ferment (Sactermw, laetieum): 

IiHtOH. Water. ainooaa. LHtlouid. 

CuH„0„ + H,0 = 20,H„0, + 4C,H,0, 

{3) Butyric aeid ferment (Baeeillua Buitilig): 

^o W..«r. ^-^' <^3^"'= Hydros.. 

aO,H(0, + 2H,0 = C«H,0, + iCHfi, + U, 

(4) Urea fermentation (Mieroeocinu urtfe) : 

rna. Wstor. ^Trtnon.™ 

OH,N,0 + aH,0 = (NH),CO, 

In the second gi'oiip, the process of fermentation is 
from anhydrides into hydratea. These ferments formed 
in the animal body have been called enzyrnen, and their 
action designated aa enai/moma, and their nature ivt 
enzymie. They may be thue eQiimerated : 

(1) «!/»«».■ 

Btush. Water, Dsitrin. aiocniH. 

aO^H,„0, + H,0 = C,H..A + C,H„0, 

(2) Pepdn panereaiin : 
Albumin H n(H,0) = Peptone + Leuoin + Tyrown j 

Indol, etc. 
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(3) Panore^Uie fat ferment : 
C„H„„ 
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As Ewald hits aptly observed, and i 
see when we coma to tlie consideration of the changes 
taking place in the animal fliiida, all purely pkygio- 
logiaal fermentations in the animal body correspond 
to the unopg&nised, all palkological to the organised 
ferments. As, for instajice, the undue formation of 
acetic and lactic acids in the stomach and iutestinal 
canal, and the decomposition of urea in the bladder 
into ammonium carbonate under the influence of thn 
micrococcus ui'eie. All ferments decompose peroxide 
of hydrogen and act best at temperatures between 
20°— 70" C. At mucli higher, or at much lower, 
temperatures the action ia destroyed. For the 
grovth of organised ferments it ia necessary that 
they should be sufplied with sufficient food, of 
wh ch an n omacal salts and alkaline phosphates are 
the ch ef 



Section B. — Inohqanic Cosstitoents or ths..^h 
Animal Bodv. ^| 

8. Purposes of the Inorganic constitaentH< 

— The inorganic constituents subserve two important 
otEces in the economy, viz. : — 

(1) Chemical. — In elfeutiiig certain metamor- 
phoses in the tissues and iluids, and keeping in 
solution many of the otherwise insoluble organic 
principles. 

(2) Mechanical. — la giving strength and firmness 
to those textures, which, like bone, cartilage, and 
muscle, form the solid portion of the organism. 

It must not be overlooked, however, that many 
inorganic substances are incidentally introduced into 
the body, and are eliminated without subserving ap- 
parently any purpose. 
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9. The chemical rOle of the tnorgituic 
substances lu the oi^wnism. — The fact that, 
under normal conditiona, the same weight of saline 
conatitueots are recoverable froni the urine and fteoea 
OS are introduced during the same period with the food 
and drink, led physiologists and chemists for a long 
time to imagine that no change took place in their 
constitution during their passage througli the body, 
and, consequently, to overlook the part played by the 
inorganic substances in histogenesis ; or their influenoB 
in producing the daily and hourly variations which 
occur in the chemical composition of normal blood ; 
or the action, phyaical as well as chemical, the in- 
organic constituents of each tissue have on the 
albumin, fats, water, etc., that compose that tissue, 
and how far excess or diminution of these con- 
stituents influences oxydation and nutrition going 
on in textuies. Professor Parkea* was among the 
first to draw attention to the vaatness and com- 
plicity of the chemical circulation taking place in 
the body, and the necessity for studying the chemical 
relations subsisting between the blood and the secre- 
tions. Attention once drawn to the subject, its im- 
portance was reci^nised and astonishment expressed 
that problems which so manifestly called for solution 
had been so long ignored. Although this bi-anch of 
animal chemistry is the least developed, still our 
know-ledge in resjject to it is advancing. It has now 
been shown that whilst salts pass with immense and 
usually uniform rapidity into the circulation, and from 
thence to tissues, their discharge is by no means go 
r^ular, and they are detained for very unequal periods, 
which apparently depend on the need of the tissue to 
which tiiey are supplied. 

By feeding animals on food rich with acid salts, 

* Gulstoniui Leoturei, Mid. Tima and OattOt, *oL L, p. 333, 
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Hoffinajin* and Lostmrf have shown, that however 
great the teraleacy of at* ic acid and of the acid suits of 
phosphoiic acid ia to combine with bases, yet these 
were not witLdrawn from the alkaline blood, but were 
evidently withheld to maintain its alkalinity. These 
Bxperimeafcil facts are borne out by what seems to 
occut in scurvy. That disease is brought about by 
the prolonged withdrawal of the organic acids of 
vegetables and of recently killed meat, and their 
salts, fi'om tlie dietary of those affected. These 
organic salta by osydation yield alkaline carbo- 
nates. Now the alkaline carbonatea are the salts 
chiefly concerned in maintaining the alkalescence of 
the blood, and it Las been found that when these are 
out off by the withdrawal of vegetable food, the 
alkaline phosphates are not excreted in the usual 
amount iii the urine, hut are apparently retained in 
the body to maintain the normal alkalescence of the 
blood, which has suffered by the withdrawal of the 
alkaline carbonates. Dr. Gaskell,{ too, has shown 
experimentally that a dilute alkaline solution acts 
upon the muscular tissue of the heart so as to produce 
a powerful conti-action, whilst a dilute acid solution 
produces an opposite effect. Variations in the alJta- 
linily of the biood, therefore, probably cause dis- 
turbances of the circulation and so effect a secondaiy 
chemical influence on nutrition as well as a direct one. 
Dr, Einger,§ from experiments on the action of the 
salts of potash Eoda and ammonia on the frog's heart, 
has shown that they have a very varying action, 
both as regards their power of influencing the fre- 
quency of contraction and the value of each beat. 

* " Uebcr der Ueberpuig vonFreien Sfiuiei diuch dm nilkaliaohe 
Blut in den Hsm ; " "2. fiir Biologic, " viL 

t "Znr alkalBBcenee dea Blutea ; " "ArehivfQc PhjBioIogie," 
Pfliiger. 1674. 



'Journal of Physiology," vol. iii., No. I. It 
Med.-Chir. TninB.,yoLiiT., p. 19L 1882. 
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Moreover, it has been shown that the various sa^^^^J 
introduced into the body do not piss through un- 
altered ; pL'obably all undergo soma change. In the 
case of sodium chloride only four-fifths of that taken , 

into the systeni passes out as such, the remaining fifth I 

being decomposed into acid potassiuoi phosphate. i 

When chloride of calcium is tiiken by the mouth, 
nearly the whole of the lime is found in the fieces aa 
a carbonate, whilst the whole of the chlorine is re- 
coverable from the urine as chloride of potassium or [ 
sodium. Such decompositions help us to explain the | 
seeming paradox that fi-om the alkaline blood acid se- 11 
cretiona are formed. Thus, in the case of the urine I ' 
have shown experimentally* that its acidity was the * 
result of the decomposition between sodium or potaa- |l 

I slum bicarbonate and neutral sodium phosphate, two 

salts which exist in the blood ; thus, 
BicarbomiU. Nautral phospbitts. CutioDBils. i.cid pboaplist-^. 
NaH,CO, + Na,HPO. = Na^CO, -)- NaH.PO^ 

And Maly,t who has iiiTe&tigated the subject of the 
acidity of the gastric juice with great care, has come to 
the conclusion that the hydrochloric acid is derived 
from the decomposition of neutral sodium phosphate 
. with calcium chloride; thus, 

Hentni! sodium CaMom Trlcalcio Sodinm Hjdrochlorio 

pho^pliiitu- ohloride. phoBp^te. chloride*. aci'l. 

Na,HPO, -1- 3CaCl, = CXPO, + 4NaCl f 2HCI. 

the acid in both instances diS'iiaing out toward the 
free surface of the secreting membrane, the other salts 
remaining in the blood and returning to the circu^^^^l 

I • Laiuxl. p. S9, Julj -Ith, 1874. ^^^^| 

■ t "ZuitBotiriftfUiPlijniialuiiE. Chiuij<',"t>. 174. 1877. ^^^^H 
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10. Distribution of tbe inorganic con«t£- 
tnentB in tbe dilTcrent tissueB and. fluids,- 

The following table gives the percentage of inorganic 
residue in the principal tiGsues and fluiib of tbe body. 
It must be remembered, however, with regard to the 
fluids, that the amouiita are only approicituate, 
they vary greatly during the period of the twenty-four 
hours, under the diffei'ent physiological conditions. 
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irrine (24 hours) 
blood plasma . . 
Ulood corpuaclsa . 




The different inorganic conatituenta are distri- 
buted in very varying proportions among the tissues 
and fluids ; thus, in muscle, in 100 parts of the ash the 
potassium salts are to the sodium salts aa 58 to iZ, 
whilst in blood they are as 6 to 79. Again, the 
distribution of the inorganic salts in bluod is found 
to diSer in the ash of the plasma and corpuscles 
relatively ; thus, in the ash of 1000 parts of corpuscles 
there is 3'C79 parts of potassium chloride and S-S-tSof 
potassium phosphate, whilst in the serum the potas- 
sium chloride only amounts to '40S and a mere trace 
of potassium phosphate. On the other hajid, the 
serum is particularly rich ia sodium chloride whilst 
the corpuscles yield but little. Dr. Ringer's experi- 
ments, already alluded to, seem to throw some light 
on the reason for this marked divergence. The effect 
of the potassium salts on the action of the heart, says 
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Dr. Ringer, was to increase cootractiHty and excita- 
bility to a far greater extent than is the case with the 
Bodiuai saita, and therefore the former are to be 
regarded aa the most " pobonoiia " in their action, and 
Dr. Ringer infers that "the action in one tissue being 
selected and all other conditiona being kept aa far aa 
possible identical, if one salt prove itself more active 
than another, it is at least not improbable that this 
same salt will also prove itself more active under the 
more complex conditions presented by the organism aa 
a whole." It can therefore be conceived that it ia 
advantageous that the sodium salts which are the least 
active, as far as conditiona of contractility and excita- 
bility are concerned, are those which remain free in 
the eeruiu, whilst the most active, the potassium 
salts, are fixed, so to spealt, in tbe corpuscles till 
required to play their part in the nutrition of the 
tissues. 

11. The conditions In which the itaor- 
ganic constituents exist in the tissnes and 
flnida. — The inorganic constituents enter and pass 
out of the system aa crystalloids, but whilst in contact 
with organic matter they seem to lose their crystalline 
form and become colloidal, and thus give the tissues 
and fluids their homogpneous appearance. The in- 
lluence of colloid media upon crystalline form lias 
recently received considerable attention, and a further 
study will, no doubt, throw conaidtirable light on the 
pathological changes occurring in the soUd tissues, 
owing to morbid conditiona of the colloidal medium 
itself, or to an inadequate supply of the inorganic 
constituents themaelves, or t« irregular distribution 
(excess or deficiency) of the acids and bases. Atten- 
tion was first drawn to the subject of molecular 
coaleaceuce by Professor Rainey,* and his work has 
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been alily followed up by Dr. W. M. QxA* Dr. 
Vandyke CaHer,f and Profesior Harting.J The 
following are Borne of the moat important conclusions 
arrived at. When two saline solutions, as, for in- 
stantie, sodium carbonate and calcium chloride, which, 
by double decomposition, are calculuted to produce an 
insoluble carbonate of lime, are allowed gradually and 
slowly to intermix, through tlie intervention of a 
viscous medium (such aa dissolved gum or aihumin), 
there are formed by the union of nascent salt with, 
colloid, not crystals of the carbonate, but small, firm, 
rounded bodies, which are possessed of a concentric 
and radiate structure, and to which the term tub- 
ntorpitoue is applied. These bodies, tliough disposed 
to adhere to any surface, commonly remain Iree, but 
also exhibit a traidency to meet and bleed together, so 
as to lead to the construction of a laminar series. The 
chief conditions tliat influence the phenomena of 
molecular coatescenGe iaa.y he thus enumerated : (1) 
Nature of colloidal medium; ('2) nature of earthy 
salts; (3) temperature of the solution; (4) densilj 
of the solution ; (5) rapidity with which the saline 
oonstituentH intermingle. The converse of " molecu- 
lar coalescence " is " molecular disintegration," which 
Dr. Ord pronounces as tlie most strikingly original of 
Professor ilaiuey's researches, and which promises to 
bear much fruit in the elucidation of the nature of 
certain hone diseases and the disintegration of renal 
calculi. The inorganic substances occurring in the 
animal tissues and fluids are not, for the most part, 
united in a trae chemical combination, but form, bo 
to speak, a loose physico-chemical combination, and 
are, as it were, held in solution, from which 

* "On the InfluanoB of Colloids upon CryBlallino Form aod 
Ooheiion." 1879. 

t " Mode of Formation of Urinary Calooli." la73. 

i "ArtifloUl Proiluotion of soma of the Prinoipiil Organio 
CUcKieoiu Formations." Utcecht. 1372. 
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they can be removed by mechanical means. Thue, 
for example, if some tissue, as muscle, be minced 
very fine and placed in a dialyser, and the dia- 
lyser floated in water, after the lapse of some 
hours the flesh will lose its consistence and becomi! 
pulpy and jelly-like, at the same time the water 
will increase in density from the diffusion of tho 
inorganic salts into it ; and these salts can be obtained 
for analysis by evaporating the diffusate, This pro< 
oess of difi'uaion is the best method for ascertaining 
the nature and chemical composition of salts as they 
exist in the tissues and fluids, since the result obtain^ 
by incineration is an artiliciul one, and does not 
represent the composition of the inorganic constituents 
as they exist ia a natural condition in the tissues ; 
since in burning off the organic matter the phos- 
phorus and sulphur, which exist in pi-oteid subatancee, 
become oxydised and form phosphates and sulphates. 
By applying the process of dialysis as a means o£ 
investigation to the exact constitution of inorganic 
constituents as they exist in the tissues, R. Maly * 
has arrived at very important results, one of the chief 
being the exact nature liud composition of the saline 
constituents of the blood. 



CHAPTER 11. 

Section A. ^Enumeration of tub dime Oroahic 

Constituents of the A»imal Body. 



— SAOCnARINE AND 



PRINCIPLES. 



All contain six atoms (or multiplesof six) of carbon, 
are generally known as carbohydrates. Berthfllet ban 
shown that these substances are alcohols, or are related 
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to the alcohols, of the higher polyatomic radicals (§ G). 
They closely resemble one another in their chemical 
characters and are isomeric, are neutral in their 
reaction, and have little disposition to enter into 
combination. They have all a strong action 
polarised light They are divisible into three gronpi 

Group I. Glucoses n(C„Hi,0,). 

12. Glucose C,II|,0, (syn. dnclrose, grape gugar). 
— In pure state crystallises in rhombic tablets, but is 
usually met with in irregular warty masses. Soluble 
in own weight of cold water, the solution gives a 
dextro-rotatory power + 57-6'. Undergoes tnn«tM 
fermentation when yeast is added. Albuminous 
ferments induce lactic and subsequently butyric acid 
fermentation. Solutions of grape sugar become brown 
when boiled with liquor potassK, and picric acid 
added to such solution gives a deep mahogany red. 
AJtalme solutions when heated I'ednce cupnc salts, 
throwing down red precipitate of oxide of copper. An 
alkaline solution, heated with a few granules of 
bismuth, reduces the latter, and turns it black. A 
solution made faintly alkaline with sodic carhonatp, 
and rendered blue by the addition of indigo, wlien 
heated toboiling,without agitation, becomes first violet, 
then yellow ; on agitation the blue colour is restored. 

Lievniosp CaH|,0, {syn. invert sugar). — 
Incapable of crystallisation. Exists as a syrupy 
residue. Does not fennent bo readily ok grape sugar, 
but reduces copper from alkaline solutions readily. 
Differs from grape sugarin its left-handed polarisation, 
which diminishes as temperature rises ; being - 106°at 
16° C.-ra-S" at 52° C, and-63° at 90° C. 

Inosite C|,H|,0, + aH,0 (syn. mvsdi- gugar). — 
Crystallises in two forms: (1) I«rge rhombic tables ; 
(2) small tufted groups of oblique prisms. Soluble 
■inBX parU of water at 20" C, insoluble in alcohol 
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aad ether, unfernieiitabk with yeaat, no action on 
polarised light ; alkaline solutions do not reduce aalta 
of copper, but give a greenish tint which clears up on 
standing, leaving original blue solution, but which 
again becomes green on heating. Heated to dryness 
on platinum foil, with a drop of nitric acid, the 
residue moistened with ammonia and calcium chloride 
yields a beantifid rose colour. 

Group II. Saccharoses n(C,^nO|i). 

13. SavcharoBe CpH^O^i ^'^- c*^ auga^^ 
Crystals, monoclinic prisms, very soluble in water, 
insoluble in absolute alcohol and water. Solutions 
have H dextro-rotatory power + 73'8". Boiled with 
water for some hours it is converted into a mixture of 
glucose and Imvulose, or " invert sugar." It ferments 
with yeast, but is transformed first into glucose. Does 
not at first reduce cupric salts from alkaline solutions, 
but (toes BO after a while. In the intestines cane 
sugar is converted into " invert " sugar. 

Lactose 0„H„0|| + H,0 (syn. milk sugar). — 
Crystals rhombic, soluble in six parts of cold water ; 
dextro-rotatory power = +69-3°. Does not readily 
undergo vinous fermentation ; reduces copper iu 
alkaline solutions. Boiled for some hours with dilute 
acids, fonns galactose, this treated with nitric acid 
yields mucic acid. 

Group III. Amyloses n{CaH,„Os)- 

14. Amylum 0,II|nOj (syn. starch). — Granules, 
rounded, irregidar form, marked with concentric 
laminie, having a hUum or pore on surface. Insoluble 
in cold water, but when boiled swell up, burst, and 
form paste or mucilage. Solution is dextro-gyrous 

+ 216°. With iodine, starch solutions give a deep blue 
colour, wliich it loses wlien heated to 100° C, but 
regains it on cooling. Diastase, dilute sulphuric axoA. 
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the iwlivary and pancreatic fennectB, convert starch 
into glucose and dextrin. The further action of 
n&liva is probably to convert the dextrin into gli 
\iy the asautnption of water, thus : 



3C,H,„0. + H,0 = C„H„0, + 2C,H 

Dsitria. Wilrer. OluooK, 



Dextrin C,H,o05 (syn. BritUh gum).— 
lowiBh powder, soluble in water, forming a 
fluid. Solutiona dextro-gyroua = + 138-8°. With 
iodine gives reddish colour, which disappears on 
heating and docB not reappear. Does not undergo 
vinous forme ntation, or reduce copper salts till con- 
verted into glucose, 

Qlycognn C,H,uOj (ayn. aniinal «(«rc/i).— Tel- 
lowiah-white amorphouH substance. Soluble in oold 
water, insoluble in alcohol. Readily converted into 
glucose. With iodine gives a similar colorntion 
dextrin, but is distinguished from it by the coloi 
reappearing after it had been lost by heating. 






DtVIBlON II.— THE FATTY PKINCIFLEH. 



The nntural oila and fats existing in the body a 
all compounds of glycerin with fatty acids ; the chief of 
which are mixtures of st«aric, palmitic, and oleic acids. 
ThuH, the tri-stearin of suet consists of three parts 
of tlio radical, stearyl C|gH^O, which has replaced three 
atoms of Epical hydrogen from glycerin C,H, (OH), 

thus, .J-, ix'q? \ Oi- They are neutral bodies, of 
soft greasy consistence, highly inflammable. Insoluble 
in water. Soluble in ether, benzol, fluid oils, carbon 
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biaolpliide, chloroform, and hot alcohol. Hfiated with 
alkalies, they are taponijied ; that ia, the fatty acid 
Btiites with the alkali to form a aoap, whilst the 
glycerin ia Bet free. Oila and melted fata, shaken up 
with water coataining albumin, bile, pancreatin, etc, 
become emulsionised ; that in, the fatty matter is 
broken up into small globules, which become more or 
less permanently suspended in the aqueous solution. 

15. Stearin 0„H„oOs (syn. iri-s («»»■»»).— The 
chief constituent of solid fat. Occurs in white crystal- 
line nodules. Melting point variable ; 65° C. to 
69'7° C. (Heintz). SoluUe in boiling alcohol, from 
wliiiih large square scales of stearin are deposited on 
cooling. 

16. Falmitin CsiHjuO, (syn. tri-paimiiin).— 
Fine needle-shaped crystals. Melting point variable ; 
mean 62-8° C. (Heintz). The substance known as 
margarin consists of ten per cent, of stearin and 
ninety per cent, of palmitin. Margarin is obtained 
by heating fat in a water-bath, stirring with an equal 
qnantity of alcohol. The alcoholic solution on cooling 
deposits needle-shaped crystals, arranged in wborled 
groups or feathers. The melting-point of margarin is 
lower than the melting-point of its two constituents, 
being 47-8° C. (Heintz). 

17. Olein C,:H|,„0, (syn. tri-olein). — Colourless 
oil, remaining liquid at 0° C. ; exposed to air, it absorbs 
oxygen, and becomes rancid. Heated to 280° C, it is 
decomposed, and yields sebacic acid. 

18. Olrcerin C3Hi(0H),.— Colourless syrupy 
liquid. Soluble in water and in alcohol. Heated 
with fatty acids, it combines with them, forming ethers 
(glyoerides) which constitute the neutral fats. 

19. Glycerin - phosptioiic acid C,H^O,. — 
Syrupy liquid, both sour and sweet Ui taste. It is 
dibasic, and its barium and calcium salts are soluble 
in cold water, but not in alcohol. Its chief interest 
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DIVISION III.- — FKOTEID P11INCIPLE9. 

These oonatitute the basis of all the HsBuea of the 
body. They are amorphous, have low diffusive powers, 
turn the pUine of polarisation, to the left. Heated 
with oaustio alkalies, they give off ammonia, volatile 
fatty acids as formic, acetic, etc., and yield leiicin, 
tyroain, and glycocin. Heated wiWi strong nitric acid, 
they give a jeUow colour, which turns orange on the 
addition of ammonia {xantho-^otein reaction,). Boiled 
with mereurio nitrate solution, a red colour is deve- 
loped [Milloiie reaction). With acetic acid and ferro- 
cyanide of potassium, proteids are precipitated from 
their solutions. Also by picric acid, tannic acid, or 
mercuric chloride. Acted upon by the gastric and 
psnereatic ferments they all beooma soluble, and 
acquire gi-eater diffusive power. 

Group I. Nalive albumins. — Soluble in pure 

20. Semm albumin. — Viscid glairy fluid. 
Neutral in reaction, freely soluble in J)ure water. Its so- 
lutiona have a specific rotatory power of — 56°C. When 
heated the solutions become opaque at 62-65'' 0., and 
coagulation occurs at 73° C. Strong mineral acids also 
produce coagulation, but they are not precipitated by 
Bodium chlovide, orgaruc acids, nor dilute mineral acida. 

Hgg albvimin differs from the above in that it is 
coagulated by ether, whilst serum albumin is not, and 
that the specific rotatory power for light is — SS'S" C, 
instead of — 5C° 0. 

Group IL Olobnlins. — Not soluble in pure 
water, but in dilute neutral saline solutions. 

21. Globulin (sya oryalallin). — As deposited 
in its coagulated form, by passing a current of carbonic 
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acid through its aqueous Bolution, globulin, is insoluble 
in pure water, but undergoes solution if the water is 
saturated with oxygen. It is also soluble in dilute 
neutral aaline solutions. Solutions of globulin become 
opalescent when heated to 73° C, and globulin is 
deposited at 93° C Globulin is precipitated from its 
solutions by carbonic acid gas and by aJcohoL (Con- 
stituent of aqueous and vitreous humours of eye.) 

Pm-aglohulvn (syn. serum globulin, fihrinoplastic). 
— As precipitated fiwrn blood serum by complete 
saturation with magnesium sulphate, paraglobulin 
is soluble in water saturated with oxygen, in dilute 
neutral saline solutions (very dilute solution of 
common salt, 0-5 per cent, precipitates paraglobulin 
from solution; on addition of more salt the precipitate 
redissolves, 'dll about 20 per cent, is added, when 
precipitate recurs), and in weak solutions of alkaline 
carbonate, from which it is precipitated by alcohol. 
Solutions coagulate at 75°0., but vary considerably, 
according to amount of saline subatance jiresent in 
solution. (Oonstituent of blood serum, and plasma, 
colourless corpuscles of lymph and chyle.) 

Fibrinogen. — As obtained from blood by mixing 
one-thini its yoluirie with saturated solution of mag- 
nesium sulphate, filtering and precipitating filtrate 
with saturated solution of common salt ; removing the 
flaky precipitate, and frequently redissolving and ro- 
ptecipitating by alternately using solutions of comniou 
salt of 7 per cent, and 20 per cent., to render it quite 
free from paraglobulin. After the last precipitation, 
dissolve in cold water, in which, owing to the salt 
adhering to the precipitate, it is soluble. This solu- 
tion coagulates at from 52° C. to 66° C. ; when serum 
or a solution containing fibrin ferment is added, fibrin 
is formed. (Constituents of blood serum, serous fluids, 
and many pathological transudations.) The fibrin 
/erment is pi-epared by adding to blood serum twenty 
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times ita volume of alcohol, and allowing to digest 
for a moath or mora Tte insoluble matter is removed 
aad agitated with water and the mixture filtered. 
The precipitate is then dried over sulphuric acid and 
finely pulverised. The aqueous solution, added fa a 
solution containing fibrinoplaatic and fibrinogen, causes 
immediate coagulation. 

Uismoglobin. — Crystals of oxy-h^moglobin are 
riiombio plates or prisms with dihedral summita freely 
soluble ia water, insoluble in alcohol, ether, or chloro- 
form. Solutions of oxy-htemoglobin rendered sutE- 
ciently dilute, give two absorption bands in the apec- 
trum in the yellow and begizming of green between d 
and E, the band nearest d being the amaller and darker. 
If to this solution we add ammoniacal stannous chlo- 
ride, to which enough tartaiic acid haa been added to pre- 
vent precipitation, the two bands fade away, and there 
appears a aingle broad band situated almost between 
the two preceding ones. This is the hand of reduced 
hemoglobin. Solutions of haemoglobin readily decom- 
pose at temperatui'ea alwve 0° C. ; on the addition of 
acids and cauatic alkalies, they break up into hatmalvn 
and globulin ; treated with glacial acetic acid and any 
metallic chloride, it is decomposed into Jurnnvn. Other 
products of its decomposition are h/smatoidin, hiemo- 
ekromogen, }uemalopopphyrin„ 

22. Myosin. — Aa prepared by washing finely- 
minced muscle with cold water till a precipitate is no 
longer thrown down on the addition of mercuric chlo- 
ride. The residue on filter ia then treated with 10 per 
cent solution of sodium chloride, strained through 
linen, the resulting liquid filtered and precipitated by 
the addition of distilled water. In this state it is in- 
soluble in pure water, but is so in very dilute si 
solutions (I per cent.); from these it ia precipitate 
by the addition of common salt in bidk. Coogulat 
M70"a 
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23. Group III. Fibrin— Insoluble in water, and 
in dilute sciliiLe aolutioDB. Doea not dissolve in 1 per 
L-ent. solutions of hydrochloric acid, but swells up ; 
pepsin added to this solution makes tiie fibrin soluble. 
Fibrin has the power of decomposing hydrogen 
peroxide, and giving «. blue reaction with guiacum 
aud etherial solution of hydrogen peroxida 

Group IV. Modified albDmins. — Insoluble in 
water and dilute saline solutions, but soluble in dilute 
acids and alkali. 

24. Acid albumin (ayntonin). — Obtained by gradu- 
ally heating a solution containing albumin with a 
dilute acid (1 per cent, solution of strong HlC), 
reprecipitated by neutraliBation, but the precipitate 
is soluble in excess of the reagent. Its yery dilute acid 
solution possesses a tevo-rotatory power of - 72°. 

Alkali albumin (casein). — Obtained by heating 
solutions of albumin with dilute alkalies, reprecipitated 
on neutraliaation, insoluble in excess, or in the presence 
of alkaline phosphates. The lievo-rotatory power of 
its alkaline solution pi^pared from sero-albumin is 
— 86°, from egg albumin —47°. 

25. Group V. Peptonei.— Soluble in water, 
not coagulable by heat Very diflusible, and pass easily 
through animal membranes. With an alkaline solution 
of cupric Bulphate give a rosy red colour. Precipi- 
tated by picric acid, which is redisaolved when warmed. 

Group VI. Albuminoids or allied albumins, 
resembling in many points the proteida above de- 
scribed in chemical constitution, but exhibit in their 
characteristic reactions considerable differences among 
themselves, They occur in the epithelial and con- 
nective tissues. 

26. Mucin. — Insoluble in cold water, but freely 
soluble in alkaline solutions, from which it is precipi- 
tated in atroug masses by acetic acid, the precipitate 
not being dissolved by sodium sulphate ; pi-ecipitated 
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by alcohol and alnm, eolulile in extx^ss of the latter. 
Its solutions are not precipitated by heat or merci 
chloride or potassium ferrcicyaniile and acetic acid. 

27. Gelatin. — Insoluble in cold water, but 
freely soluble in hot, gelatinising when cold, 
precipitated by acetic aoid, but by mercuric chloride. 
Boiling with acids, or even prolonged boiling, prevents 
its warm soUition gelatiniiing when cold. 

38, Gbondrln. — Soluble in hot water, gektin- 
isiDg when cold, precipitated by acetic acid, but the 
precipitate is dissolved by sodium sulphate. Alum 
precipitates chondiin in excess. 

29. Elaslicln, — Highly insoluble, evea at high 
temperature, its hot solution does not gelatinise on 
cooling, gives no precipitate with acetic acid. 

30. Iiardaceln. — Insoluble in water and in 
dilut« saline solutions. Not acted on by gastric juice. 
Gives a mahogany tinge when treated by iodine, and 
rosy red by metLyknilin. 

Section II.^Proddcts of Mf.tabolibm. 
These are the products of oxydation of the 
nitrogenous and nitrogenous constituents, substances 
which enter into the composition of the body, and 
whose reactions have been discussed in the preceding 
sections of this chapter. The jwn-mlrogenotia group 
consists chiefly of acids belonging to the fatty 
series, the aromatic groups and resinous acid, with 
some of their alcohols or aldehydes. The nitrogenous 
bases, or amides, are derived from the metabolism of 
the albuminous principles. 

DIVISION I. NOJT-NITEOGENOUS. 

Group L Fatty acids. ^Derived fi'om the oxyda- 
tion of lie corresponding alcohols of the 



i 



r 



58 Clinical Chemistry. [Chsp. n. 

aerieB of hydrocarbon radicals, they are arranged in 
clfisses according as they are formed by monatomic or 
diutomic radicals. 

ClaBB I. Dlonatomic fatty acids.— The acids 
in this hat oi'e derived from the monatomic series of 
homologous hydrocarboas by the osydation of the 
corresponding alcohols in which one atom of oxygen 
replaces two atoms of hydrogen; thiia ethyl alcohol by 
oxydatjon loses two atoms of hydi'ogen, and is con- 
nected into aldehyde; and aldehyde by further oxyda- 
tiou becomes acetic acid ; thus, 

Etli7l Btcobol. AMebyde. 

C,H,0 + O = CjH^O - H.O 



31. Formic acid 0H,O^— le a cotourleas coito- 
sive liquid, boiling point 10i3° 0., solid at 1 " 0. 

32. Acetic acid CjH^O, — Is a colourless sharp- 
smelling liquid ; boiling point 118° C, solid at 17° C. 

AceUmb. — Limpid, colourless liquid, sp. gr. 0'7921, 
with a peculiar etherial (decayed apple) odour. Solu- 
tions of acetone give violet-red, with ferric chloride ; 
with iodine and chlorine in the pi«sence and alkalies 
it is converted into iodoform and chloroform. 

Alcohol. — Heated with a few drops of sul- 
phuric acid and solution of potassium dichromate, an 
emei-ald green colour in produced. Uitric acid added 
to alcohol, and this mixture warmed, gives off fumes 
of nitrous ether ; if to this a solution of mercurous 
nitrate be added and heat applied, a yellowish 
piijcipitate will be thrown down ; this is mercuric 
fulminate. A solution of alcohol heated with potas- 
sium hydrate and iodine gives r yellow precipitate of 
iodoform. 
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33. Pi-opionic actd CjHjO, — Is a colourless 
oily liquid ; boiling point 1 40° C, solid at 20° 0. 

34. Butrric acid CHgO,. — la a mobile colour- 
less liquid; boiling-point 163" 0., Bolidat20°C. ; odour 
of rancid butter ; by feroieatation lactic acid yields 

■ butyric add, carbonic acid, and hydrogen. 

35. Talertc acid C^uOj. — Is a limpid, colour- 
less, oily liquid ; boiling jioint 174° C, solid at 20° C; 
odour of valerian. 

36. Caproic actd 0„H,;0^ — An oily liquid 
having the odour of acid sweat ; boUing point 199'' 0., 
solid at 4° 0. 

37. Capric acid OaHioOr — Is a greasy oily liqi 
which crystallises at 29° C. in colourless needli _ 
which on heating evolve a goaty odour ; boiling poisA' 
236° 0. 

38. Palmitic acid CaHjjO,— Is a tasteless, 
white, fatty substance ; melting point 62° 0., soluble 
in ether and alcohol, ibnning acid solutions which on 
concentration deposit white crystalline needles; in- 
soluble in water, With glycerin it forms three bases 
(glyceridea) ; (1) mono-palmatin, (2) di-palniitin, and 
/3) tri-palffiitin ; tlie latter is a constituent of animal 
fat, which mised with tri-stearin. forma mat^arin. 

39. Stearic acid CaH^Or— Is a white crya- 
talline substance ; melting point 69-2" C., soluble in 
ether and alcohol, insoluble in water. Like palmitio 
acid, it forma with glycerin three compounds, i 
stearin, di-stearin, and tri-stearin ; the latter is i 
stituent of suet. 

40. Oleic acid C,sHj,0,. — Is solid at ' 
liquid at 14° 0. ; freely soluble in alcohol and ethi 
soluble in water. By the action of nitrous acid it 
converted into elaidic acid. By distillation it yields 
sebacic acid ; this distinguishes it from other fatty 
acids. With glycerin it forms mon-olein, di-olei 
tarM^eiii j t^ latter forms the oily portion of the 
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fat. Oleic acid is in reality deriTed from the glycerin 
series of homologous hydrocarbons, but for conve- 
nience is classified here. 

Class II. niaiomlc Ail.tj' nrids. — These acids 
sre derived from the " olefine series of homologous 
hydrocarbons" by the oxydation of the corresponding 
alcohols, and may be divided into two claases, via, 
the •monoba»ie iicids which are formed by one atom of 
oxygen replacing two atoms of iiydrogen in the corre- 
sponding alcohol \ and the dibaaie aoida wliich are 
formed by the replacement of four atoms of hydrogen 
by two atoms of oxygen ; thus ethylene alcohol by 
oxydation loses two atoms of hydrogen, and ia con- 
verted into monobasic glycol lie acid; and glycollic 
acid by further oxydation loses two atoms of hydrogen 
and becomes dilwsic oxalic acid, thus ; "^^ 



El.hjlenB Blwhol. QlroalllD uld 

C,H.O, + 0, = H,0 + C,HA 
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Sub-Clas8 (a) — MosouABic Acids. 

41. Carbonic acid CH,Op — Golourle; 
odorous gas. Specific gravity 1-529 heavier tli> 
soluble in an equal volume of water. This solution 
reddens blue litmus paper, the red colour disappears on 
drying. Carbonic acid gas passed tlirough lime water 
produces a white precipitate of calcium carbonate. It 
ia begt determined quantitivfively by passing it through 
a solution of potassium hydrate and noting increase of 
weight in the solution, or by the process given for 
estimation of carboualea 

4-3. Cilfcouic acid C,H.O;f — This substance 
does not exist in a free state in the organism. Ita 
ammoniBt«d form, glycocin, conju^t«d with cholie 



gas. 
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Bara^ forms the glycocliolio acid of the bile; and with | 

benzoic acid luiitfls to form hipBuric acid. Glvcollic 



benzoic acid luiitfls to form hippuric acid. Glycollic 
acid is a syrupy acid liquid, Eoluble in ether and alcohol, 
from concentrated aoltitiona of which deliquescent 
oryatals, which melt at 78° C, are deposited. 

43. Lactic Bcid CsHoOg. — Is a colourless syrupy 
fluid of sharp acid taste; specific gravity 1 -21 ; soluble 
in water, alcohol, and ether. If distilled at temper- 
ftturea above 160" C, it decomposes. Heated with 
sulphuric acid it evolves carbonic oxide. Heated with 
nitric acid it yields oxalic oxide. Its calcium and zina 
Baits are characteristic. SarGolactic acid (^taralactic 
uid ethylene lactic acids) closely resembles lactic acid 
and is isomeric with it ; its salts, however, differ in 
crystallising with a smaller proportion of water, and 
in their crystalline form ; it is obtained from mus 
tisane. 

46. Leucic acid CoHi,Oj, — This acid only 
in the body in its ammoniated form, leucin, 
which it can be obtained by beating with nitrous 
{See Lencin.) 

Sub-Class {b) — Dibasic Acids. 

47. Oxalic acid GMfi^. — Crystalliaea in 
prisms ; its solutions have an intensely sour taste. 
Heated to 100° C, oxalic acid is partially decomposed 
into formic acid, carbonic acid, and water. With 
solutions of lime it forms the normal calcium oxalate, 
a highly insoluble salt, which is deposited from urine 
usually in the form of octohedral crystals of letter- 
envelojje ahapa Solutions of calcium oxalate are 
precipitated by the addition of alcohol. With silver 
nitrate they give a white precipitate, soluble in nitrio 
acid and ammonia ; if the precipitate be greatly 
heated on platinum foil it will decrepitate, leaving 
Ksidoe of metallic 
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48. Suceinlc acid C.HjO,. — The crystals form 
Urge rhombio colourless tablets wHch fuse at 16U° C, 
and are iiolulile in alcohol and cold water. These 
solutions give a brown precipitate with ferric chloride, 
ami white with barium chloride. Found sometimes in 
hydrocele fluids and contents of ovarian ojata 

Group II. — Aromatic acid tteiics. 

49. BCDZoic ncid C,HgOy — Occurs in pearly 
■white crystalline plates, which fuse at 121° C. Its 
solutions give reddish-brown precipitates with ferric 
chloride, and blue precipitates with cupric acetate. 
Found sometimes in stale human urine, is preseut in 
the fresh urine o£ herbivorous animals. Its chief 
interest is due to the presence of its radical in 
hippiiric acid. 

50. Carbolic acid C,H„0 (ayn. phenol).— 
Occurs as a white crystalline mass, melting at 42'' C, 
and forming a heavy, oily, corrosive fluid with a pun- 
gent, smoky odour. It gives a violet colour to solutions 
of fen-ic chloride, which acquires a blue colour on 
espoBure to the air; a chip of fir wood saturated with 
phenylic acid and dipfted into dilute hydrochloric acid 
turns a deep blue colour. In carbolic acid poisoning 
the sulphates disappear from the urine, being converted 
into sulpho-carbolates. Allied to carbolic acid ; 
faurylic, damaluric, and damolic acids are to be found 
in minute quantities in human mine. 

Group III. Beslnons adds, — The radical of 
these acids has not been isolated, but it is probable 
that it belongs to some of the higher aromatic hydro- 

61. Ciiolesieric acid CHioOj. — Is formed when- 
ever choiesterin is heated with nitric acid. It is 
a yellow, non-cry stall iaable substance, which rapidly 
absorbs moisture from the air ; it is soluble in water, 
alcohol, and ether. C/tolealerm Oj^i^fi may be 
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regarded as aa alcohol of this aeries, being liomologoiia 
to ciimyl alcohoL As obtained from its hot alcoholic 
Bolutions it forms charactenstic glistening I'hombic 
plat«s with notched edges, wlueh float on water ; 
extremely soluble in ether. Heated with nitric acid 
it gives off yellow acid fumes of cholesteric acid ; the 
residue touched with ammonia gives a red colors' 
tion. Cholesterin may be mistaien for leucin, but 
m distinguished from that body by its solubility in 

52. Cbolic ncid CmH^Oj. — Occurs in two 
forms, the amorphous and tke crjatalline. Tiie former 
is resinous and viscous, very slightly soluble in water, 
but fi'eely soluble in alcohol and caustic alkalies. In 
the latter the crystals are octohedral and tetra- 
hedral ; they are colourless, insoluble in water, vei-y 
soluble in etlier and alcohol; the octoliedral variety 
contains 1 molecule, the tetrahedral 2^ molecules of 
water; when heated tliey lose this water of crystallisa- 
tion and become disintegrated. Chobc acid heated 
with acids at a temperature of 200° C. loses 2 atoms 
of water and ia converted into dydyain (so named 
from its insolubility in water), acids, alkalies, and 
alcohoi. Cholic acid with a solution of sulphuric acid 
and sugar gives a deep purple coloration known as 
PettenkofFer's test, . Conjugated with glycocin and 
taiirin it forms the bile acids ylijcoeholio and tauro- 
cJiolia acids. 



DIVISION lI.^NITItOGENOUS. 

Group I. niouainides. 

53. Oiycocin CjHjNO^ or amido-acetic acid. 
Crystals of glycocin are hard and granular, and have 
a sweet, mawkish taste ; they are soluble in 400 partn 
of cold wabjr, but quite insoluble in alcohoL A 
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transient fiery red colour is given when glycocin is 
heated with a strong solution of caustic potash. A 
atream of nitrous acid passed through an aqueous 
solution of glycooin decomposes it, nitrogen ia evolved, 
and on agitating with ether and eyaporating glycollic 
acid ia obtained. Glycocin is derived fi-om the 
decomposition of the gelatinous tissues ; conjugated 
wibli diolio acid it forma ghjcoeholic aeid, one of the 
acids of the bile. This acid is deposited from its 
alcoholic solution in long delicate colourless needles, 
slightly soluble in cold ■wa.ter and ether, very soluble 
in alcohol and boiling water. These solutions are 
precipitated by neuVral lead acetate ; with strong 
eulphuric aoid and sugar they give a red coloration 
(Pettenk offer's test). 

5i. Taurln C^H^NSO^ or ethyl amido- sul- 
phuric acid, ia prepared from bile. The crystals are 
four-sided prisms with pyramidal extremities, insoluble 
In ether ajid alcohol, soluble in IS parts of cold water; 
the aqueous solution has a neutral reaction. They are 
dissolved by the mineral acids without change ; burned 
in air they evolve sulphurous acid fumes; heated with 
potash, ammonia is evolved, and potassium sulphate 
formed. The aqueous solutions are not precipitated 
by salts o£ mercury, copper, or silver. This substance 
is found in the bile associated with cholic acid ; it 
tan be obtained from most glandular tisanes, and from 
the lung tissue and muscular fibre of the heart 
Taurocholiti add never occurs in a crystalline form, 
but appears as an oily resinous fluid, of tawny colour, 
very soluble in alcohol and ether, and has a strong 
acid reaction ; its aqueous solution, on heating, ia 
readily decomposed into tauriii and choUc acid ; it 
turns the plane of polarised light to the right, and 
gives the purple reaction with suljthuric aoid and cane 
sugar. Its solutions are precipitated by basic lead 
acetate. 
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55. Sarcosin CjH^Oj, or methyl glycociii, con- 
tains one atom of glycollic add radical C,HjO„ and 
one atom of methyl OH, rapiacing two atoms of H. 
It is not met with in the animal body, its only interest 
being that it ia a constituent of kreatin, that body 
yielding by decomposition both urea and aarooain. 



66. Cholln CiHitlTO, (syn. li&itTin) may be re- 
garded as ammonium hydrate in which 1 atom of H 
is replaced by 1 atom of oxy-ethyl CjHjO + 3 atoms of 

methyl 3CH, making ,Xii'. \ SHO. Cholin is ob- 

V^tyih ) 
tainable as a thick syrup, and has a powerful alkaline 
reaction ; soluble in water and alcohoL Its Kolution 
presents tjie coagulation of albumin. It does not 
exist free in the body, but is a constituent of leci- 
thin, protagon, and cerelirin. 

67. Cfstio OaH,N80„ or amido-BuIpho-pynivic 
acid, an amide of the lactic acid series, pyruvic acid 
being lactic acid deprived of 1 atoms of hydrogen. 
Deposited from an ammontacal solution, it foiTna 
hexagonal crystals, which have a tendency to overlap, 
and which acquire a yellowish-green tinge on exposure 
to air. They are soluble in alkalies and strong mineral 
acids. Boiled with caustic potash in the presence 
of lead acetate they yield a black precipitate of lead 
sulphide. 

58. Iiencin CgHisNOg or amido - caproic acid, 
— The leueic acid radical CoHnO replacing one atom 
, 0,H„0 I 



of Hii 



hydrate; thus 



NH, 






is deposited from its hot alcoholic solution in white 
shining plates. Slightly soluble in cold alcohol ; 
very insoluble in etlier, which distingaishes it from 
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choleHterin, which it closely rosembles in appearance. 
Very Boiuhle in boi.lJTig water. Leuoin is interesting 
physiologically as lieing one of the antecedenti 
of urea, and pathologically from its presence in tlie 
urine in certain diseases of the liver. 

59. Tyrosim CaHnTfOs is probably amido- 
propionio acid C(H5(NH2)Oj in which 1 Htom of H ia 

Call. \ 
replaced by oxy-phenol CjHsO to make C„HsO > Op 

nhJ 

Tho crystals are fine needles, which sometimes cluster 
to form stellate groups, or packs to form rounded 
ballfl. They are sparingly soluble in cold water and 
alcohol ; soluble in bailing water and in acid and 
alkaline solutions. "Warmed with strong nitric acid 
they become yellow ; the residue, if touchod with 
hydrochloric acid, becomes red, if with ammonia, brown. 
MilloE's reagent (mercuric aui] mercurous nitrate) gives 
a red coloration resembling that given by proteid 
with the same reagent, Tyrosin, when it appears in 
the uiine, is always associated with leucin, though this 
latter body may be present without tyroain. It is 
found in small quantities in the spleen and pancreas, 
and is one of the products of the action of tiypsin on 
albuniinous matters. 

60. Hlppm-ic acid C„HjNOj, or benzyl amido- 
ftcetic acid, containing radicals of benzoyl and glycocol, 
and may he written thus C,H50(C,H,)N0,. The crystals 
are seraitransparent rhombic prisms ; almost insoluble 
in cold water and ether, soluble in boiling water and 
solution of sodium phosphate. Boiled with strong 
hydrochloric acid it is decomposed into glycocia and 
benzoic acid. Hippuric acid is monobasic and gives 
buff- coloured precipitates with ferric salts. It 
occurs as a minute normal constituent of human 
urine, and in larger quantities among herbivorous 
animals. 
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61. Lecithin C^Ha^PO, is an amorphous waxy 
substance, very hygroscopio ; soluble in ether and 
alcohol, IB precipitated from tbe Ho'ution. by platinic 
chloride with exoeaa of alcohol. Lecithin is decom- 
posed by boiling with alkalies into glycerin-phosphoric 
acid, stearic acid, and cholin. Protagon has been con- 
aidered as a mixture of lecithin and cerebrin, but 
the recent researches of Gamgee seem to show that 
it is a definite chemical body ; he gives the formula 
CjbjH^bNjPO.iu. Cerebriii is a nitrogenous body free 
from phosphorus. Some doubt still exists as to its 
composition. According to Gamgee, protagon, which 
cannot be separated by the action of solvents into a 
non-phosphorised cerebrin and a phosphorised body, 
can, however, by the action of caustic baryta be made 
to yield non-phosphorised bodies. 



Group II. Diamides. 

62. Urea CH^NjO, or carbamide, and may bi, 
CO" 1 
represented as H ;■ N,, in which the dibasic radical 

H ) 
of carbonic acid has replaced two atoms of hydi-ogen; 

or as 00 -I -jijjt' in which 2 atoms of amidogen NHj 
have taken the place of 2 atoms of hydroxyl HO. Urea 
is also isomeric with ammonium carbamate and am- 
monium cyanide. Urea crystallises in colourless 
four-sided prisms which melt at 120" C. Very soluble 
in cold water, and its solutions are neutral to test 
]>aper. Heated to 150°C., urea is converted into bi-uret 
and cyanurio acid. With nitric acid urea forms nitrate 
of urea, which crystallises out in shining rhombic 
plates; these crystals are less soluble than urea 
crystals, therefore when the urine is concentrated they 
are often formed on the addition of nitric acid. 



1 
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Oxalic acid also foiins oxalate uf ui'ea, which 
tieposited as fine powdery crystals. Mercuric nitrate 
in alkaline aolutiona forms with urea an insolitble 
compound CON,H„ 4HsO,. Hypobromoiis acid de- 
comjiosea urea into water, carbonic acid, and nitrogen. 

COMPOUND TTKEAS. 
Sub-clash A, Montjseides. 

63. KreatiD C.H„N,0, + H,0. — This suh- 
atance in contact with baryta water decomposes into 
nrea and aarcoain (page 45). The crystals are ohliqae 
rhombic prisms slightly soluble in cold water and 
alcohol, very soluble in hot water, insoluble in ether. 
The solutions are neutral, and have an extremely bitter 
taste. Acted on by sulphuric acid, it is converted 
into kreiitinin. Kreatin is chiefiy found in the juice of 
flesh, and is undoubtedly an antecedent of urea. 

Krealinin C,H:,NjO is foi-med from the foi-fi- 
going by dehydration. It is an extremely powerful 
base, giyea an alkaline reaction with test paper, 
and forma well-defined basic double salts ^tU zinc 
chloride and silver nitrate. 

Sub-Class B. Diureides. 

64. Uric acid CjH.N.O,.— There is still some 
doubt as to the exact constitution of uric acid ; it is, 
however, represent«l by the hypothetical formula as 
consisting of one radical of tartronic acid and two of 
urea, thus : 



L 



C,H,Oj -I- 2(CH^N,0) = CiH,NA -i- 4H,0. 

From this it ia held that uric acid is tartronyl 
cyanamide, four molecules of amidogen being replaced 
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by two of cyaaogen, and two by the radical of ttirtronio 

( C,H A 
acid ; thu^ K,-; ON, As deimsited fi'om acid sola- \ 

tiona it oocura in rhombic tablets of very variable form. 
It ia extremely insoluble in water and acid Golutiona, 
very soluble in alkaline solutions. Uric add ia di- 
basic, and forms with bases both neutral and acid salts, 
of which the sodium, potassium, and ammonium are 
of the most interest ; these are all very insoluble in 
water, but leas so than uric acid. When in solution, 
if these salts are decomposed by the addition of 
concentrated nitric add, the uric acid is separated in 
an amorphous and hydrated form, in which it is 
rather moie soluble than in its crystalline state. This 
amorphous form of uric acid is frequently observed 
when concentrated nitric acid is added to urine 
when testing for albumin, and has been erroneously 
described as precipitated acid urates, which may be 
thrown down when dilute acid is used, if the urates 
■were previously in the neutral form. The charaotep- 
istic teat for urio acid ia the mwrexide reaction, the 
purjile colour developed when the crystals are heated 
with nitric acid, and the residue touched with am- 
monia. By oxydation uric acid yields alloxan and 
urea; mesosaJic acid and urea, allanturic acid and 
urea; parabanic acid (which i^ oxalyl urea), tartronyi 
urea or dialuric acid. 

65. Xauttain CsH:,NPj. — The constitution of 
this body is unkziown ; uric acid ti-eated with sodium 
amalgam yields xsnthin and hypoxanthin. Xanthin 
forms white scales resembling beeswax, sometimes 
deposited from urine in minute lemon-shaped plates ; 
tliese dissolved in dilute hydrochloric acid, and the 
solution slowly evaporated, yield hexagonal and pris- 
matic crystals. Very insoluble in water (1 in 1,600), 
&eely soluble in dilute acids and alkaliea. I-Tuated 
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with nitric acid, and the refddue moistened whUst 
still hot with liquor potasaie, a. purple-red colour is 
developed. A oonetituent of a rare form of urinary 
calculus and gravel. 

S6. Uypoxanthin CjH.N.O (Bjn. mrsme).— 
Is a white imperfectly crystalline powder, rather more 
soluble in water than jtanthin. Found in the spleen, 
thym.us, muHcular tissue, medulla of bones, and blood 
of leucaemio patients. 

67. Allanloln C,H,N^O, can be formed from 
uric acid by boiling with lead peroxide. Forms 
colourless hard glassy prisms of neutral reaction. 
Soluble in cold water (1 in 160). Boiled with 
potassium hydrate it yields potassium oxalata Con- 
stituent of allantoic fluid and fcetal urine. 

68. Camln OtHbN.Oj.^Hbs been discovered in 
Liebig's extract of meat ; it can be converted into 
hypoxanthin by the action of bromine. 

69. Cuanin C,Hj,N,,0. — A yellowish -whit* 
powder nearly insoluble in water, but soluble in 
dilute acids and alkalies. By oxydation with potassium 
permanganate is converted into urea, oxalic acid, 
oxy-guanin. 1b a normal constituent of the semi- 
EoUd excrement of birds. It has been sometimes met 
with in the liver, pancreas, and spleen, but does not 
appear to be a constant product 

DIVISION III. — TEOBTO-ALSALOIDS. 

These bodies are supposed to be compound 
Btnrooniaa, and act as pow^^ bases ; are the active 
principles of certain plants. Those of highly poison- 
ous nature are enumerated here, as they may be intro- 
duced into the animal body either accidentally or 
with criminal intent, when their detection becomes a 
matter of consequence. A group of animal alkaloids, 
the result of putrefactive changes in the tissues, have 
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recently been discovcreil, and sire named pk 

they correspond in their general reactions with the 

Tegeto-alkaloids. 

70. morphine C„H„NO, + H,0.— The crystals 
are colourless prisms, very slightly aoluble in water 
(1 in 1,000 cold ; 1 in 500 hot). Veiy soluble in 
hot alcohol. The salts are more soluble in water 
than the base. It gives an indigo-blue coloration, 
with a, neutral solution of ferric cUoride. With 
strong nitric acid forms a. deep orange-yellow com- 
pound. Concentrated sulphuric acid, with a trace of 
nitric acid, gives a violet-purple colour. Moiphine 
decomposes iodic acid with the liberation of iodine. 

71. StiTChnlne C,iH„N,Or— The crystals are 
extremely sniail brilliant ootohedra, transparent, and 
oolom-less. Slightly soluble in water (1 in 6,000 cold; 
1 in 2,500 hot), more soluble in chloroform. The 
solutions have an intransely bitter taste (perceptible 
I in 1,000,000). With concentrated sulphuric acid, 
and a fragment of potassium dichromate, a deep violet 
tint is produced, gradually fuding on exposnre. Solu- 
tions of strychnine (x^ni gi^in) injected under hV'" 
often produce violent tetanic spasms and tkath. 

72. Brucine CaHj,N,0, -(- 4HjO.— More soluble 
in water than strychnine, and is readily soluble in 
alcohoL Is distinguished from it by the bright red 
colour given when touched with nitric acid. 

73. Cararioe 0|oHisN. — ^Veiy soluble la water 
ajid alcohol. Nitric acid gives a purple coloration. 
Concentrated sulphuric acid colours it blue, and if 
potassium dichromate is added, changes to violet 
slowly fading to yellow. In this test it resembles 
Btrychnine, hut is distinguished from that body by 
its ready solubihty in water. 

74. Atropine diHjsNOj. — Crystallises in colour- 
less needles, slightly soluble in water, very soluble 
m chloroform. With concentrated sulphuric acid 
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no coloration, in the coldj but on lieafcing a yellow 
tinge is developed, and on adding water a i-oae- 
like odonr ia given off. Solutions containing traoo of 
atropine have highly poisonous effects on fi'oga. 

75. Ptoamincs. — ^This name bos been given to 
bodies vhich have been detected in exhumed corpses, 
closely reaembling, in their chemical reactions and 
physiological efiecto, the vegetable alkaloids. Whilst 
some, however, act as powerful poisons, others are 
inactive, and a few actually counteract the effect of 
poisonous substances, Spica, in the liquid from a 
suppurative peritonitis, obtained bodies, some of 
which were oily and volatile, with a strong alkaline 
reaction and capable of forming crystalline salts, and 
having the odour of conine. The chSoi'oform extract 
was extremely poisonous in its actions on frogs, and in 
its physiological effect resembled that of curariiie. 
Sonnenschein has found, in an anatomical maaeration 
fluid, an alkaloid resembling atropine in its action. 
Ranke has shown that the physiological action of 
strychnine in bodies long buried may be masked by 
pt«amines, A body resembling Sonnenschein'a al- 
kaloid has been found in bodies of patients dying 
from typhus fever. It is interesting to observe that 
in many instances of death resulting &om poisonous 
food, the patient showed marked typhus symptoms. 
It appears that these bodies are generally produced in 
Bubstancos which, after brief exposure to air, are 
buried or excluded from air, as in corpses, tinned 
meat, eto., and that then they are found in the most 
internal portion. It is of importance to discover the 
reactions which distinguish these bodies from the 
vegeto-alkaloida, but the question ia often one of 
extreme difficulty. It has been stated that potassium 
ferrocyanide ia a reliable reagent, since ptoamines 
reduce it, whilst the vegeto-alkaloida have no reaction 
on it. The test ia applied as follows ; — The extiaot 
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ia converted into a sulphate, anil a few dmps of solu- 
tion of KiFeCy-j added ; if a ptoamine ia present, prus- 
' sian blue will he formed on the addition of a few drops 
of ferric chlorida ITo reaction, howeyer, ib given 
with a Tegeto-alkaloid, except morphine and veratrine ; 
these, however, can be detected by their special tests. 



76. Indol CaH,N. — A crystalline substance which 
ia the atarting point of the indigo group. It occurs 
in the body as one of the products of pancreatic di- 
gestion, and ia said to give the characteristic odour 
to the fceces. The addition of salicylic acid to pan- 
creatic juice stops its formation from albuminoids ; 
and it has been found that under the administration of 
the acid the quantity of indol decreases exactly in 
proportion as the quantity of phenol increases. Very 
dilute nitrous acid gives a red colour in solution of 
indol. 

Indigo CjjHi^af^a- — T^'s substance, which ia 
derived commercially from the indigo/era, ia some- 
times met with in aweat and urine, giving rise to a 
bluish colour. It baa been met with aa a constituent 
of urinary calculus (Med. Path. Soc. Trans., voL zxix., 
p. 15T). The source of indigo in the body La un- 
doubtedly from indol formed by the decomposition of 
albuminoids by pancreatic digestion, since indican 
CggHg^gOgj, OF glucoslde of indigo, is found in the 
urine of animals after the subcutaneous injections of 
indol, also after ligature of the small intestine, and also, 
according to Senator, in obstructions and other affec- 
tions of the intestines in disease. The indol being pro- 
bably converted into indican in the alkaline blood, but 
deposited as indigo when ifc comes in contact with the 
acid urine. However this may be, indican out of 
tlie body always yields indigo as one product of its 
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decorapoaition, and iindi-glwAn, a sweet, non-fermen<^ 
able substance which reduces Fehling's solution. Uro- 
Kanthin, a colouring matter foimd in the urine, strongly 
resembles iiidicaa ; it does not, however, yield indigi 
blue under the action of acids. 

78. Colonringr matters of hanian body 
are tlie colouring matters of the hlood, htemoglobin 
and its derivatives. The bile pigments, bilirubin, 
biliverdin, bilifusoio, biltprasio, urobilin. The urinary 
pigments, urozanthin or indican, and urobilin and a 
black pigment melanin, found normally in the choroid 
and in the skin of negro, and pathologically in melanotic 
tumours, in the urine, and as a deposit in the lungs. 
For the reaction of the various pigaienta, the reader 
is referred to chapters on blood, bile, and urine. 

Seittion B. — In ORGANIC Co.vstitcjests. 

79. Hydrochloric acid (KCl). — Chlorine in 
the body is chiefly foiuid in combination with the alka- 
line oxides of soda and potash. These salts are, however, 
variously distributed; thus, for example, in lUOO parts 
blood corpuscles, we find 3-67 parts of potassium with 
only a tmce of sodium chloride, whilst in the plasma 
there is only -36 parts of potassiimi chloride, and as 
much Its 5 -54 parts in the 1000. The chlorides appear 
to fulfil the following purposes in the economy: (1) 
by furnishing the hydrochloric acid for digestion 
(zNaiHPO. + 3CaCl = Ca,2P0, + 4NaCI + zHCI ; 
Maly) ; (2) by aiding the metabolic processes going 
on in tiie body, an increased ingestion of common suit 
being followed by increased excretion of urea. Sodium 
chloride is found in great abundance in all cellular 
growths, as in cartilage, mucus, etc. In certain 
diseases attended with increased c«ll formation, as in 
cancer, in pneumonia with exudation, and ui puru- 
lent diacborges, sodium chloride is present in large 
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quantities in the morbid proclucts, and consequently 
tiiere is a seueible diminution in the quaDtity excreted 
by the urine. Siliier nitrate gives, in extremely dilute 
Bolationa, a. faint haze ; in stronger Golutiona a white 
cloudy precipitate ; nitric acid will not cause theee to 
dissolve; they are soluble, however, in ammonia, but 
on nitric acid being added to the anuaoniacal solution, 
the silver chloride is again precipitated. 

80. Uydrwauoric acid HF. — United with 
calcium aa calcium fluoride, is found in minute quan- 
tities in the bones and teeth, occasionally in blood, milk, 
and urine. The ash treated with strong sulphuric acid, 
and gently heated in a glEtss vessel, the glass becomes 
corroded. Large quantities of a«h must be employed. 

81. Pbosptaoric acid HgFOf. — Phosphorus is 
one of the most important of the inorganic constitu- 
ents of the body, and is widely distributed. In com- 
bination it is found as a component of the complex 
nitrogenouB fats, lecithin, etc. In its oxydised form it 
occurs as tribasic phosphoric acid. In combination 
with soda and potash it forms the alkaline phosphates, 
the neutral salts of which (NftjHPOj), together with 
the alkaline carbonates, gives to blood its alkaline re- 
action ; the acid salts NaH,POj gives urine its acid 
reaction. Bone earth is tricaloic phosphate Ca^zPOj. 
Magnesium phosphate associated with calcium phos- 
phate is found in all animal tissues and fluids, hut to 
a less extent ; in the excreta, however, the magnesium 
is relatively more abundant than the calcium salt. 
From this it has been inferred that the magnesium 
salt is less required by the organism, and consequently 
is not BO long retained as the calcium salt, and also 
that less is absorbed by the intestinal canaL Few 
questions in scientific medicine afford less facts for 
generalisation than the variations in tlie excretions 
of phosphoric acid by the urine in disease. Physio- 
logy can only tell us that the element phosphorus la 
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absolut^y eseentiaJ for the growth and Dutrition of the 
tiBHoes, but cannot explain ita rtle. Pathologically 
wo find (a) excess of phoHphoric acid accompanied by a 
proportionate increase in the elimination of urea ; (6) 
excess of phosphoric acid without a proportionate in- 
creasa In the first instance the increase is probably 
due to increased tissue metabolism generally; in the 
second, probably only the nervous system is involved. 
The compound known as triple jihoaphate, or ammonio- 
magnesium phosphate POjMg(NH,) + 6H,0, is met 
with in ammoniacal urines ; this salt combined with 
calcium phosphate forms the basis of one of the most 
frequent forms of phosphatic calculus, known as the 
fnsible calculus. Phosphoric acid gives a yellow preci- 
pitate with Bili>er nitrate soluble in both nitric add and 
ammonia. A yellow precipitate is given with amvuh 
niwm molyhdate in nitric acidL An acid solution of 
wranic nitrate is decomposed by phosphoric acid, and 
uranic phosphate is precipitated ; this latter gives no 
stain with ferrocyanide of potassium test-paper, which 
uranic nitrate does ; upon this fact the process fur 
estimating quantitatively phosphoric acid is based. 
{Q.v. Urine,) 

S2. Sulphuric acid K^O,.— Sulphur is found 
in most protein bodies, and in many products of 
their metabolism, aa cystin and taurin. It is also 
largely introduced into the body with vegetable sub- 
atances. Only a small portion of the sulphur in the 
body passes out as sulphuric acid, a considerable part 
being dischatged either unosydised or only partially 
oxydised by the bowels, and some by the skin and 
epidermal appendages. It is thus diflicult, from the 
increase or diminution of sulphuric acid in urine, to 
fona an estimate of the degree of metalwlism of the 
sulphur compounds in the body. The sulphuric acid 
in the urine is for the most part combined with potash 
and to some extent with lima About 0'4 groin 
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solphar also passes into itrino in a partially oxydised 
state in the twenty-four hours. The eiilpL 
detected in actd solutions by the addition of barium, 
ohloride or nitrate, which throws down a dense cloud 
of barium sulphate. 

83. Sulpbo-cyanatc of polasslmn OKES. 
— A trace of thia auhatance is found in saliva. Petten- 
koffer believes it to tte derived from decomposition 
ocourring in the cavity of the mouth, being derived 
from urea and sulphate of potaaL Dr. S. Fenwick, 
however, has (J/erf.-CAtr. Trans,, 1882) endeavoured to 
show that the presence of enlpho-cy anate in saliva is 
not due to accidental causes, but is regulated by the 
operation of general laws, and the amount present 
varies considerably in disease. The chief point of 
practical importance is its relation to medico-legal 
inquiries in cases of opium poisoning, since mecouio 
acid gives the same reaction with ferria cfiloride as the 
Bulpho-cyannte, viz., a cherry-red; this, however, dJa- 
ajipears on the addition of mercuric chloride, which is 
not the case with the colour produced by meconic acid, 

84. WAmv CaO.— Lime must be considered as 
one of the chief mineral constituents of the body. Aa 
phosphate of lime, it ranks next to water in the im- 
portance of its physical properties to the organism. 
Its salts constitute tii per cent of the weight of 
the skeleton, viz. : calcium phosphate, 51'04 ; calcium 
fluoride, 1'9 ; and calcium carbonate, 11-4 per cent. 
In blood the calcium salts are in excess in the plasma, 
1000 parts yielding -298 part of Hme, whilst the same 
weight of corpuscles give only -OSi. In muscular tissue 
lime is present, ranging from -330 to -311 part in a 
1000. Limesaita are tolerably abundant in the gastric 
juice, about 1'48 of calcium phosphate in the 1000. 
Maly believes the hydrochloric a«id of the gastric juice 
is derived from the decomposition of chloride of cal- 
duiii{aNa,HPOi + gOaOl = (XzPO, + 4NaCl ■^ zHCt). 
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Only a Email proportion of tha lime injected is 
excreted with the urine. In experiments on doga it 
was found that when calcium chloride was given by 
the mouth nearly all the lime was passed off by tha 
bowel as carbonate, only a small increase in the ex- 
cretion of lime by the urine being noted, and that as 
phosphate. The chlorine appeared in combination 
with sodium oa chloride of sodium. In rickets it has 
been said there ia a gieat increase in the quantity 
of lime salts excreted in the urine, but the fact is by 
no means established ; i-ecent observations have ac- 
tually found a diminution, which was most marked 
when the disenae Wiia at its height. It ia probable 
that the idea that aii increase of lime excreted took 
place in ricketa was due to the mere deposition of the 
earthy salts being taken for excess. The urine of rickety 
children is frequently alkaline, and consequently ia 
often turbid from deposited calcium phosphate. Local 
deposits of calcium Carbonate are frequently met xrith 
in tissues which have suffered from general impairment 
of vitality, or from diminished nutritive supply. In 
these cases it is probable that, owing to the escape 
of the free carbonic acid, which keeps this salt in 
solution, from the stagnated fluids, the calcium salt is 
precipitated, and on account of the degeneration of the 
tissues ia not taken up by them. Salts of lime form 
the insoluble portion of the ash ; to obtain them in 
solution they must be dissolved in as small a quantity 
aa poasible of dilute acetic acid. Ammoniwm oxalate 
added to this aolution givea a copious white precipitate 
of calcium oxalate. Mineral acids should not be used 
to dissolve the ash, as the calcium oxalate would re- 
dissolve if the acid was in excess. The amount of 
lime present ia best determined by weight. For this 
purpose the insoluble portion of the ash is weighed, 
and the weight recorded. It is then dissolved with 
acetic acid, and the solution diluted by the addition of 



chsp. 11.] Inorganic Bal 

about ten times its weigLt of diatilled water. To this 
sotiitioQ add saturated solutiaa of amrnonium oxalate, 
and allow to stand for twelve hours. Filter through a 
filter the weight of whose ash is known.* The pre- 
cipitate in the filter consists of calcium oxalate. The 
filtered solution is magnesia, which uhould be set aside 
for determination of that substance if required. Wash 
the precipitate on the filter with distilled water. Dry 
over water-bath till the filter and contents cease to 
lose weight. Place the filter and contents in a small 
platinum capsule with cover, whose weight is known; 
beat till whole is reduced to wjiite ash. When cool 
convert the lime into sulphate by the addition of a 
few drops of sulphuric acid. Again heat carefully, 
covering to prevent loss. Weigh the capsule when 
cold. Now, when the weight of the ash of the filter 
and the weight of the capsule are deducted from the 
total weight, we have the weight of sulphate of lime, 
and to calculate this as caustic lime, we multiply by 
0'4118. 

85. magnesia MgO. — Magnesium phosphate 
associated with calcium phosphate is found in all the 
animal tissues and fluid.^ but in smaller quantities. 
Little is known as to the purpose it fulfils in 
the economy. The chief clinical interest attaching 
to it is from it forming, as triple phosphate, a variety 
of urinary gravel, and a calculous crust in certain 
morbid conditions of the urinary organs, which induce 
the formation of volatile (ammonia) alkali. The 
triple phosphate is, however, geneially associated 
with calcium phosphate, the mixture of the two salts 
forming a mass readily fusible under the blow- 
pipe. Neutral solution of magnesia throws down a 
balky gelatinous precipitate with ammonia. The ad- 
dition of sodium p/iosphate to a magnesian solution 

* This IB doDB by inainGrating a filter of the aame size Rud 
WBighl 3B the 
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givea rise to a wMte precipitate of magneaian phos- 
phate, whilst the addition of amvmonia throws the 
ammonio-Diagnegium phosphate. Magnesia is esti- 
mated by weight. The ash is treated, in the first 
instance, as dirGct«d for lime. The filtrate, obtained 
after the removal of the precipitate caused by am- 
monium oxalate (lime oxalate), is treated with excess 
of ammonia, and allowed to stand twelve hours. 
The resulting precipitate is collected on a filter, the 
weight of whose ash has been previoTisly ascer- 
tained; the filter ia then dried tni it ceases to lose 
weight. When dry it is to be placed in a small 
platinum capsule whose weight is known, and heated 
to a white heat till a white glnssy mass is left at the 
bottom of the capsule. This is magnesium pyro- 
phosphate. Weigh the capsule when cold, and by 
deducting the weight of the ash of the filter and 
the weight of the capsule from the total weight, the 
result gives amount of magnesium pyrophosphate ; 
by multiplying this weight by 0'360i we get the 
amount of magnesia present as oxide. 

86. Ammoiiin NH^. — Ammonia in a free 
state is sometimes found in urine ; generally, however, 
it is in the form of carbonate, the result of ureal der 
composition. It has been detected in the breath of 
typhus patients. The chief salt of interest it forma 
is ammonium urate, a constituent of the urinary 
excretion of insects, reptiles, and birds, and is fre- 
quently met with as a urinary deposit in human 
beings. 

B7. Potash KHO. - 
forms the soluble portior 
widely distributed throughout the body, but in very 
variable proportions. It ia more abundant in the 
Bolid tissues and the corpuscles than in the secre- 
tions and plasma of the blood ; in this resp'ct 
being the very opposite of the soda salts. Tha 
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potneh Ealts seem to have a greater activity than 
those oE sodium. E.iiiger hus found them more 
poisoaous, iiB far as their action on the heart is 
concerued, than the sodium salts. It ia said that 
a dog fed on nothing hut Liehig's extract dies 
sooner than a dog not fed at all, oa account of 
the potash salts exerting a poisonous influence. Dr. 
Garrod, some years ago, found that the amount of 
potash salts in urine were diminished in scurry, 
and su^ested that this disease was in some way 
connected with a deficiency of this base in the 
body, and that dietaries of persons afi'ected with the 
disease were deficient in potash. Further examination 
has not shown this to l>e correct, since peas and other 
articles of a sailor's diet have been shown to contain 
a, sufficiency of potash, I have, however, recently 
confirmed Dr. Garrod's observation as to the defi- 
ciency of potash in the urine of scorbutic jiatients, 
but I believe that the diminution is not due to 
diminished ingestion, hut to the base being withheld 
by the blood in order to maintain its alkaUnity, 
which has been imjiaired by the withdrawal of the 
alkaline, carbonates supplied by fresh meat, vege- 
tables, and fruits. Solutions of potash salts give, 
with platinum bi-chloride, when slightly acidulated 
with hydrochloric acid, a yellow crystalline precipi- 
tate of potassium platinic chloride. The estimation 
of potassium and sodium can be conveniently done ' 
together, and will be considered in the next para- 
graph. 

88. Sodium NaO is more abundantly met with 
in fluids than in the solid textures of the body, iti this 
case being the reverse of the potassium salts. Thus, 
we find in blood plasma 5'546 parts of sodium chloride, 
1'532 parts of soda, and '271 part of sodium phosphate, 
as compared with '359 part of potassiuiu chloride and 
■281 of potassium sulphate in 1000. Whilst in the 
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blood corpuaclea the reverse obtains j for in 1000 parts 
we have 3'679 potassium chloride, 2343 potassium 
phosphate, '132 potaaaium sulphate, against '341 of 
soda aud -635 sodium pliosphate. The acidity of the 
urine is chiefly due to acid sodium phosphate 
NaHjPO^. The bile, too, is particularly rich in 
soda salts, corLtaining about 2 '5 per cent of sodium 
chloride and 6 per cent, bile salts, in the form of 
glycocholate and taurocholate of soda. The action 
of soda salts on the excdtahility and contractility of 
the heart is decidedly less than that of potash salts, 
but it is nevertheless marked. The chief clinical 
interest attaching to salts of soda is the formation of 
gouty tophi and calculous infarcts in the tubules 
of the kidney, composed of sodium uvate. A con- 
centrated solution of sodium salt gives a whit-e 
crystalline precipitate with aTUimoninle of potath. 
Soda salts also give a characteristic yellow tinge to the 
blow-pipe flame. Potaaaium and sodium can bo deter- 
mined quantitatively by the same operation. Dissolve 
a definite quantity of aah in boiling distilled water. 
Filter. Bring the filtrate up to 60 cc. by the addition 
of distilled water, or diminish by evaporation to that 
bulk. Of this quantity take 30 cc. (which will repre- 
sent half the quantity of the soluble salts in the ash), 
odd a few drops of ammonia and ammonium carbonate. 
Set aside for twelve hours, filter through a very small 
filter. Acidulate the filtrate with a few drops of 
hydrochloric acid, ond place it in a platinum capsule 
of known weight. Evaporate to dryness, and then 
heat gradually to redness to drive off ammoniacal 
salts. Weigh when cool ; deduct weight of capsule ; 
result gives toeighi of potassium and soditim, chlorides, 
of half the amount of ash originally taken for ex- 
periment To estimate the potash, dissolve the 
residue in the platinum capsule in as little water 
as possible, and then add aa alcoholic solution of 
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platinic bichloride till the solution acquires a deep 
yellow colour ; evaporate to near dryness, and then 
add 50 cc. of absolute alcohol and 10 of ether. 
Set aside for twenty-four hours, frequently stirring. 
Collect precipitate on weighed filter ; wash it with 
alcohol ; dry it. Weigh ; deduct weight of filter. 
Ths remainder givaa amount of potassium platina- 
ehloride (100 parts of which equals 30'51 potassium 
chloride). Now, as we have learnt the combined 
weight of the potassium and sodium chlorides from 
the first part of the process, we have only to 
deduct the weight of the now ascertained potassium 
chloride from the weight of the two chlorides, to find 
the difference, which ia t/ie amount of t/ie sodiuia 
ddoride. To get the amount of potash and soda we 
have to multiply the weight of potassium chloride by 
0-6317 and the sodium chloride by 0-5303. The 
result hnng iJie amount of potash and soda in the 
ash, in the 30 cc. of the dissolved aSh, or exactly half 
the amount of the whole ash dissolved in the first 
instance. The object of dividing the original solu- 
tion being, of course, to reserve a portion in case of 
accidents, or a desire to check the process at any 

89. Iron F,0»— Traces of iron are met with 
in the ash of most tissues and fluids ; as a proto- 
chloride in the ash of gastric juice, and as a phosphate 
in muscular and splenic Juice. Combined with 
globulin as hfemoglobulln, it forms the colouring 
matter of the blood. Preyer from an average of eleven 
cases gives 0-056 grm. of iron and 13-45 gi'uis. of 
hemoglobin in 100 grms. of human blood. It is 
probable that the iron of the effete hlood-corpuaclea 
passes away with the bile, recent observations 
tending to show that the colouring matters of the bile 
are produced from haematin by reduction, due to the 
action of the bile acids on hiemoglobin. When i 
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salts are taken aa increase of this metal is foutid in 
the bile. The salts of iron ore met with as proto or 
ferrous salts, and per or ferric salts. The former give 
white precipitates with caustic alkalieti and light blue 
precipitates 'with potassium feiTocj'anide ; the latter 
a reddish-brown precipitate with caustio alkalies und 
a deep blue precipitate with potassium fervoeyanida 
The amount of iron in the ash of any tissue or fluid ia 
determined by the standard solution of potassium 
permanganate. This was formerly tho only method 
1:^ which the amount of iron in blood could be deter- 
mined. Since, however, tlia proportion of iron to 
haamoglobin has been ascertained, the metal can be 
estimated quantitatively through the determination of 
the htemoglobin, either by Hoppe Seyler'a or Gower'a 
method. The procedure by thftse methods will !« 
treated more conveniently when we consider the 
variation occurring in. the amount of hiemoglobin in 
disease. ( Vide Blood.) 

90. SUica 8,0, — Silica ia a constituent of the 
epidermal tissues ; it is nearly always present in the 
ffeces, and occasionally in the blood, bile, and urina 
Silica may be obtained from the ash of any of the 
aubatances in which it is present, by fusing the ash 
with eight timea its weight of sodium carbonate, and 
boiling the mnsa in water ; on the addition of hydro- 
chloric acid the silica ia partially j)recipitated as a 
gelatinous mass. The acid solution ia now evajiorated, 
and the residue treated with some more hydrochloric 
acid and dried. The silica will tlien bo left aa a whitu 
insoluble powder. 

91. Lead Pb; arsenic AsjO^; copper Cu. 
— These substances are only incidentally present 
in the tissues, and are apparently in no way necessary 
to the maintenauce of their functions. It boa been 
stated that arsenic and copper are consbantly present 
in minute quantities in the human body. Tiie method 
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CHAPTER m. 

BLOOD — CBTLK — LIX PB — XIUL 

branches of pathological chetnistiy, less advance has, 
perhaps, beea matle in determining the changes 
whirrh bhiod undergoes in disease than in aej other 
direction. Some excuse may be offered for this 
apparent neglect, in the difficulty of obtaining blood 
iu sufficient quantity for analysis, a. difficulty that did 
not exist in days when bleeding was general and 
regarded as part of the ordinary treatment. Also, the 
methods of research until re^iently have been very 
defective. The study of the chemistry of morbid blood, 
however, must be seriously undertaken before we can 
expect to judge of the effects produced by even 
primary alteration of the blood in diwase. For as yet 
how little do we know of the variations that daily and 
hourly occur in the chemical composition of normal 
blood, and what is the Kction, physical as well as 
chemical, that each of >tn constituent elements has on 
the albumins, fats, xalts, and water that compose the 
tis-tues, and how far excess or dtniinitttou of these 
constituents inQueuces oxydation and nutrition iu 
the body. 

92. TarlBtion between the water and 
sDllds,— Specific iravily. — The following figures 
give approximatively the eompoaitinn of nonniil blood 
in 10() parts. Water, 79-5; solids, aO'5; Mruu 
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albumin, 7'2; fibrin, 0-21 j hwmoglohiii, 11-5; fatt™ 
matterB, 0-18; ejitractivos, 0-32; ash, 0'81, 100 parta 
of bloml Berum contain water 90'5 parts ; solids, 
9-6. The proteids varying from 8 to 9, and thp 
fat extroctivea and salts from 2 to 1. lOO parts 
of wet blood-oorpuacles yield water, 56-5; solids, 43'5; 
liienioglobin, 41'1; other proteids, 3-9 j fats, chiL-fly 
cliolesterin and lecitliin, -37. The proportion of water, 
however, varies considerably, and probably ranges from 
76 to 80 in healthy blood under the influence of 
normal physiological conditions, the ingestion of fluids, 
of solid food, and the activity of the renal and 
(jutauoous excretions. The proportion of water to the 
solids can be ascertained by evnpornting a small 
quantity of blood in a weighed platinum capsule, till 
it ceaaes to lose weight, Then, if z represents the 
weight of the blood evaporated and y the loss sus- 
tained by evaporation, then = x the propor- 
tion of water in 1000 parts. The specific gravity 
is ascertained by means of a small flask fitted with 
perforated stopper for the insertion of a thermometer, 
The flask is then filled with distilled water at 15' 0., 
and weighed ; it is then emptied and dried, and 
then filled with defibrinated blood at the same 
temperature and again weighed. Then if a represents 
the weight of the distilled water and h the weight 
of the defibrinated blood, — = the specific gravity of 
the blood ; thus, if the weight of the flask filled with 
distilled water is 25-573 grains, and the weight of the 
fliwk with defibrinated blood Is 27'l-60 gi'ains, then 
— - = I'OSO, As, however, liijuids expand and 
contract by alteration of t<'mppraturo, a wrrection is 
neoesanry if thn two fluids are weighed at diflTerent 
teropcraturos. Practically, however, if both weighiiigH 
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are conducted at the same time and iii the same room 
very little difference occurs; if it doeH, it can be 
corrected by plungiiig the bottle in warm water if the 
temperature be too low, or into cold water if too high. 
The following gives the maximum and mimmum 
percentage amount of water in different diseases as 
recorded by truatwoithy observers. Normal blood, 
78-8—80; scurvy, 84'9— 83-5; chlm-osis, 86'8— SI'S; 
cancer of liver, 88'7 ; chronic Bright's disease, 80*8— 
88-7; puerperal eclampsia, 77 '8 — 80; dialietes meUitus, 
79-4— 80-2; cholera, 74-0— 75'0. There are roany 
analyBes of blood in scute diseases, but their value is 
imjiaired by the fact that they were generally made 
after repeated venesections, which of course in itself 
renders the blood moi'e watery. 

93 Reactioiii — Acid and acid salts are continu- 
oiialy entering the blood. (1) They may be introduced 
into the body from without in the food. The quantity, 
however, thus derived under ordinary conditions in 
comjjaratively small, since nearly the whole of the 
snline constituents of the food are alkaline, or become 
so by conversion in the system. Still, a small quantity 
of acid sodium phosphate is derived from the juice of 
flesh, and this paases no doubt unchanged into the 
blood. (2) Acid, too, is formed in the alimentary 
canal from fermentative decomposition of the saccharine 
matters taken with the food, or of the amylaceous 
principles that have been converted into sugar. {3) 
Lastly, acid is generated in the tissues of the body. 

In spite, however, of this constant entrance of acid 
into it, the blood of tjie living Iwdy is always alkaline, 
no doubt because tile chief acid salt (sodium bicar- 
bonatfl) has an alkaline reaction. What the degree of 
alkalescence of normal blood ia has not been determined, 
but it is probable that it has certain definite limits 
which cannot he passed in either direction without 
g diaturbance of healthy nulritioru In fact, great 
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difficulty is experienced in reducing the alkaline 
reaction oE the blood. HoffmEinn, who fed pigeons for 
a considerable time on food yielding only an acid aGh 
(yolk of egg), found that however great the tendency 
of uric acid and of the acid ealts of [ihosphorio acid to 
combine with bases, yot these were not withdrawn 
from the alkaline blood, but were evidently withheld 
to maiiitain its alkalinity. Loscar, by introducing 
diluted mineral acids into the stuinacli, succeeded in 
reducing the alkalescence of the blood, but not con- 
siderably, and the conclusion he arrived at was that 
the organism retained free alkali with great energy. 
In some of bis experiments the quantity of acid intro- 
duced into the stomach would have made the whole 
animal acid if it had been absorbed and esci'e.ted 
agaiu. From this Loscar infers that the organism 
possesses cei-tain " regulative mechanisms " which 
jnaintain the eqiulibrium between the acids and 
alkaline bases in the system. These experimental facts 
seem to be borne out by what occurs in scurvy. That 
disease, as Las been weU established, is brought about 
by the prolonged and complete witbdi-awal of the 
organic vegetable acids and their salts from the dietary 
of those affected. These organic salts, as is well 
known, by oxydation in the blood yield alkaline carbo- 
nates. N^ow, the alkaline carbonates are the salts 
chiefly concerned in maintaining the alkalescence of 
tbe blood, and it appears when these are largely with- 
drawn, as happens when scurvy is induced, the proper 
degree of alkalescence of the blood is maintained with 
difficulty, and in order to secure it some otiier alkaline 
salt is retained instead of being excreted,* Thus, I 
found, after the withdrawal of fresh vegetable food for 
eighteen days, the total quantity of phosphoric acid 
nassed in the twenty-four hours was slightly reduced, 
whilst the phosphoric acid in combination with the 

■ " General Pathology of Sentry," Lewi* 1877. 
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alkaline oxides was reduced neai'ly one half. Again, in 
a case of scurvy, it wbs found that the alkahne pboa- 
phatea increased rapidly on the resumption of an 
antiscorbutic diet, although the amount of phosphoric 
acid ingested iras the same in - scorbutic and antiscor- 
butic rations respectively ; these two facts pointing to 
the conclusion that the alkaline phosphates are retained 
in the system whea the alkaline carbonates are with- 
drawn, and discharged when these are again suppUed. 
All experiments made on animals with a view to reduce 
the alkalinity of the blood or to neiitraliae it have 
ended sooner or later in the death of the animal ; and ii 
the process has been a slow one, the definite patho- 
logical changes will be found to have occurred in the 
blood and tissues, closely resembling the changes found 
in the bodies of patients dying from scurvy, via. dis- 
solution of the blood globules, ecchymosis in the heart, 
blood stains in the mediastinum, gums, and mucous 
surfaces ; whilst the muscular structure of the heart, 
and the muscles generally, as well as tlie secreting cells 
of the Kver and kidneys, become granular and even 
distinctly fatty. Lastly, Dr. Gaskell has shown, 
eKperimentally, that a dilute alkaline solution acts upon 
the muscular tissues of the heart so as to produce a 
powerful contraotion, whilst dilute acid solutions pro- 
duce an opposite effect, and that the muscles of the 
smaller arteries are acted upon in the same way. 
These facts seem to point to the conclusion that one 
factor at least upon which the coiistiiction of the 
muscles both of heart and arteries depend, is the 
alkalinity of the fluid surrounding them. It is not 
unreasonable, tlierefore, to surmise that variations of 
the d^ree of alkalinity would not be unlikely to lead 
to disturbances of circulation and so effect a secondary 
chemical influence on nutrition, as well as a direct one. 
The two salts chiefly concerned in the maintenance 
of the alkalinity of blood are neutral sodium phosphate 



70 Clinical Chemistry. [ciup. hi. 

Nfl,HPO„ and acid sodium carbonate (bicarhonal*) 
NaHjCOj ; it is owing to this composition that the 
geeming paradox of the separation of acid secretion, 
such as uriiie and the gastric iuice, from the alkalint: 
blood can be explained. {Vide % 8, 107, and 134.) 
Ko precise observations have been made as to varia- 
tions in the alkalinity of the blood in disease. Garrod 
has found it ditniniahed in a case of gout ; it has also 
been found lessened in the blood serum in chronic 
Bright's diseiLse and in cholera. This ^larticular branch 
of enquiry ouglit to yield abundant information to the 
clinical enquirer, with respect to the nature of such 
dbeases as auute rheumatisui, gout, scurvy, and dia- 
betes mellitus. The serum £i-om a blister may be used, 
or SufEcient blood for the purpose can be readily ob- 
tained by means of the artificial leech. This should be 
detibrinated, and pla^ied in a beaker. Then from a Mohr's 
burette, a standard solution of crystallised tartaric acid, 
1 cc. of wbich is equivalent to'004 grm. sodium hydrate, 
is to be added. This solution is gradually dropped 
intfl the beaker containing the blood, and a drop trans- 
ferred after each addition by means of a glass rod to a 
plaster of Paris plate, stained with a solution of blue 
litmuH. The addition of the acid solution is continued 
till a faint red stain is given to the plate by the drop 
placed in it. The number of cubic centimetres of the 
standard solution employed to neutralise the blood, 
multiplied by -004, gives the alkalinity of the quantity 
of blood taken in terms of sodium hydrate. In 
preparing the plate care must be taken to obtain the 
plaster of Paris free from alkaline reaction, and to 
iftraove any alkali irom the litmus. This is done by 
thoroughly dissoii'ing 20 grammes of litmus in 150 
cubio centimetres of water, and allowing the solu- 
tion to stand twenty-four hours, then filtering. The 
precipitate is again dissolved in 250 centimetres of 
distilled water, and allowed to stand for twenty-four 
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hours ; it is then divided into two equal portions. 
One is treated with dilute acid, added drop by 
drop by means of a gluss rod till the aoliilion is 
faintly red ; it is then added to the other portion. 
The plaster of Paria plates are then soaked in 
the resulting violet-blue eolutioa. It is absolutely 
necessary to prepare the plate before obtaining the 
Wood, since by keeping, even a few hours, the 
alkalinity of the blood ia diminished. 

94. Fibrin.— When blood ia drawn from tlie 
body it separates into ciot and serum. The former 
consists of iibrin, holding in its meshes the blood 
corpuscles ; these latter can be removeii by washing 
the clot with a gentle stream of water. The amount of 
fibrin in noimal blood, as according to recent analyses, 
ranges from -21 to -23 parts in 100. The older 
analyses state it as '31 to '31. In many diseases it is 
considerably increased. The following gives some of 
the more reliable observations : Acute bronchitis, from 
•43 to -63 in 100 parts. Pneumonia, -40 to 1-05. 
Pleurisy, before effusion, -58 to '59 ; pleurisy, after 
effitsion, -40 to '4S. Acute rheumatism, the mean 
of forty-three observation^ '67. Puerperal convul- 
.sions, '44 to '60. Heart disease, mean of twenty-four 
cases, -34 ; advanced heart disease, '25, moan of thii-ty- 
one cases. Chlorosis, mean of nine cases, -29, Scurvy, 
■45 \a -65. Diabetes, -19 to -24. Phthisis, mean of 
twenty-two analyses, -44, Puerperal fever, "43 to '51. 
The so-called " buffy coat," which sometimes forma 
on the surface of the clot in blood drawn in certain 
diseases, does not necessarily depend on tlie amount 
of fibrin present, but on delay in the act of coagu- 
lation, and the tendency of the red corpuscles to 
aggregate together, which is generally observable 
in the inflammatory state. These, therefore, have 
a tendency rapidly to subside, leaving the white 
corpuscles, which are lighter in tbe upper portion 
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of the clot, and these give it the buffy appearance. The 
anteoedents of fibrin in the blood are puraglobulin, op 
JibriTio-plastic substance, a,nd Jtbriiiogen; whilst for the 
conTersion of flbiinogen into fibrin outside the body, 
the action of a third body, the Jthrin ferment, is 
required (§ 21). The addition of this latter body to 
fluids containing fibrino-plaetic and fibrinogen imme- 
diately brings abont coagulation, as may be seen some- 
timcB in its addition to chylous urine, in which there 
is but little coagulum, causing at once an abundant 
separation. This is also occasionally observed with 
hydrocele fluid. Fibrin is estimated quantitatively 
in uncoagujated blood by drawing the blood directly 
into a bottle, whose weight has been accurately deter- 
mined, fitted with a perforated stopper, through which 
a rod is inserted, to which iB attached a brush of fine 
wire. "When a sufficiency of blood has passed into 
the bottle, the rod with attached whisk is stirred 
round and wund for a (Quarter of an houi-, whea 
the fibrin will attach itself to the wires composing the 
brush. The outside of the bottle is now to be cai'e- 
fully cleaned aad dried, and then weighed ; the 
addition to the original weight of the bottle and 
apparatus gives the amount of hiood employed. Now 
pour the contents of the bottle into a nuisHn strainer; 
and with a pair of delicate forceps pick off from the 
wires the adliering fragments of fibrin, and place them 
on the muslin strainer, wash most thoroughly with 
cold water till they are completely freed from 
adhering corpuscles or serum, and subsequently wash 
with ether. Then remove them to a weighed platinum 
capsule, and dry over watei'-bath till it ceasea to lose 
weight, and let it cool in chamber of balance, over a 
beaker of strong snlpliuric acid. Then weigh; the 
increase of weight in the platinum capsule gives the 
amount of librin. This, however, contains some 
inorganic residue ; in order to obtain the fibrin pure 
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it mist be incinerated. For tbia purpoae the capsule 
is heated till only a white aah is left, and is again 
weighed. The loss in weight deducted from the 
weight of the fibrin before incineration gives the 
amount of pure fibrin. Supjiosing the original weight 
of blood was 31 '2 grammes, and the weight of pure 
fibvin. obtained from this -OSfi grarameB, then 
100 X -066 
— ss:^ — -^ 21 grajnmea of fibrin in 100 parts of 

blood. When, however, we have to deal with blood 
already coagulated we have to cleanse the already 
separated fibrin from the blood corpnsdes, a proceeding 
of considerable difficulty. This is done by weighing 
100 centimetres of blood in a beaker, and draining oiF 
the Bernni through a linen strainer, washing well 
with cold water ; after a while fold the strainer, as 
a bag, over the oontt^nts ; wash with water and 
knead the contents till all the corpuscles are re- 
moved, and the clot decolorisetL Then transfer the 
filaments by means of a delicate pair of forceps to the 
platinum capsule, and proceed as above. 

95. Colourmg matter of the blood is con- 
tained in the red corpuscles. These are minute 
discoidal bodies, nearly transparent, of a yellowish 
colour, varying in diameter from -^y}^ to vn'iin o^ *i 
inch, the avei'age being put at jj'^^ (or 7 9 micro- 
millimetre), and about jTrJn^ inch (I'Smicromillimetve) 
in thickness. The human blood corpuscles contain no 
nucleus. In fresh unaltered blood the surfaces o£ 
the red corpuscles are biconcave, and form peculiar 
rolls, like coins adhering together. Under certain 
abnormal conditions, or when the blood is diluted 
with saline solutions, as sodium chloride, sodium 
sulphate, magnesium sulphate, etc, the corpuscles 
lose their smooth ciicular outline, shrinking, and 
heooming erenate, On the other hand, when placed 
in fluids of low density they swell up, and become 
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bi-oonvex and globular, and may even burst. Tlie 
red corpuscles are formed of a delicate membrane, 
stroma (oikoid, Brtlcke), which contains the colouring 
matter (zoOid) htemoglobulin, cholesterin, lecithin, and 
inorganic salts. The gtroma is the colourless portion 
of the living blood corpuscle; it is insoluble in water 
and serum, and in sodium chloride solutiona, but 
freely soluble in ether, chloroform, caustic soda, 
ammonia, and in solutions of tire bile acids and urea. 
The stroma appears to combine with the haamoglobin, 
and, so to speak, fixes it, but the union is very feeble, 
and very slight disturbing influences set free the 
colouring matter. The iisemoglobin in the living 
blood is combined with an aliali, probably potash, to 
keep it in solution, b£ otherwise it is very insoluble, 
and would crystallise out. 

One hundred parts of human dried corpuscles con- 
tain hsemoglobin, 86-79; proteida, 12'24; lecithin, 
U-72; choleaterin, 0-25 (Hoppo Seyler). The corpuscles 
may be obtained for analysis by rapidly defibrinating 
blood, and then adding to it ten times its volume of 
a 10 per cent, solution of common salt, and setting 
aside in a cool place, when the corpuaclea will be 
deposited. They are then to be collected on a filter, 
and washed thoroughly with sodium chloride solution 
till thoroughly free from serum. The mass is then 
placed in a weighed capsule and di'ied ; the weight 
after drying represents the amount of corpuaclea 
present in a certain quantity of blood, 

(o) Clinical determination of luetnoglobin. — In 
disease the amount of htemoglobin varies consider- 
ably. According to Quincke the following are some 
of the chief deviations observed : Taking 11-5 to 130 
to represent the percentage amount of haemoglobin in 
normal blood, then in a case of cirrhosis of liver, with 
e])istajiiB, it was lO-l per cent.; in chlorosis, 5'3, 
ijter taking iron, 9 92; in leucocythffimia, fi-8; in 
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Bright'a disease, grmiular kidney, 8*5 and 10'60 ; with 
large fatty kidney, 1030 und 1070; in diabetes 
mellitus, 14'4 ; in phosphonis poisoning, 14:-9. For 
clinical purposes the amount of liiemoglobin present 
in blood may be estimated by means of the number of 
blood corpuscles, and their depth of colour. This ia 
done by counting first (by means of the htemocyto- 
meter), the number of coi-pusclcs in a small quantity 
of blood, and then comparing the colour of the same 
blood with a tint of a solution of hsmogloliin of 
known strength. For this purpose the instniruents 
devised by Dr. Gowars * are the ones generally 
employed. First of all the number of the corpuselea 
haA to be determined. This is done by the 
luKmocytnmo.ter. The, proceeding is as follows : 5 
eiibic roillinietres of blood ai-e drawn into a capillary 
tube from a puncture, by means of a spear-pointed 
needle in the iinger, and blown into a tup-like cell 
containing 995 cubic millimetres of solution of 
sodium sulphate (sodium sulphate and distilled water 
added till the specitio gravity is 1'025), measured off 
by means of a specially graduated pipette. The 
contents of the eel! are to be well mixed with a little 
Bpatnla, and then one drop ia to be placed in the cell- 
like depression, with ruled squares of y^g millimetre 
each on the floor of the slide, to which springs are 
ftttoehed to secure a cover glass. The slide is then 
placed in the stage of a microscope, the lens focussed 
to bring the squares into view. A few minutes are 
aUowed to let the corpuscles sink on to the squares, 
and then the number contained in 10 squares is 
counted ; this, multiplied by 10,000, gives the number 
of corpuscles in a cubic millimeti-e of blood. In the 
healthy blood of man the standard is 5,000,000 " 
each cubic millimetre. The depth of coli 
to Iw determined. To ascertain this two tubes hai 
* Laaeel, Deo. let, 1877 ; and vol. 11., pKge 822, 1S7S. 
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to be employed ; the one containing a solution of a 
et-andard tint, equivalent to the dilution of 20 cubio 
milleraetrea of blood in 2 cubic centiinetrea of water, 
the other gradunted so that 2 cubic ceutinietreB give 
100 degrees. The tubes are placed side by sidci, and 
a Bheet of white paper placed behind them. 20 cubic 
millimetreB of blood are then placed in the graduated 
tube by means of a capillary pipette, a few drops of 
distilled wat«r being first placed in the bottom of the 
tube. The mixture is to be kept constantly agitated 
by a stirring rod. Distilled water is then gradually 
added until the tint of the diluted blood is exactly 
the same as tliEit of the stEindard solution. In healthy 
blood the tint is reached at 100 degrees of dilution. 
In blood, poor in haemoglobin, the degree of dilution 
required to give the normal tint is less ; so that 60, 
70, or 80 degrees of dilution only may be required. 
The result of these two observations is recorded as 
the value of eacK corpuscle, Tbus the blood from a 
patient yields 4,000,000 corpuscles for the culiic 
millimetre, instead of the normal etandai-d, 6,000,000. 
In other words, the percentage of corpuscles is SO 
instead of 100, and the amount of dilution required to 
bring the blood to the standard tint is 30 centimetre!^, 
and if we take the percentage of corpuscles as it 
denominator, and the percentage of colour as a nume- 
rator, then fs = J- as the value of a nominal cor- 
puscla The hemacytometer is also used for deter- 
mining the proportion of white to red corpuscles. 

(6) Spedroacopic characters q/ liieinogiohin and ttH 
compounds. — Whenever a tube'colilaining undiluted 
blood is interposed between a source of light and » 
BpectroBcope, the whole of the rays, with the exception 
of the red, nre obaeured. On gradually diluting tlie 

■ Or mora uonvenienlly a, Immatinomoter. a, veuel wit!) two 
parallel glnaa faces, ono ccntimetri! a]inrt. m that the depth of the 
■trAtutn exsmiDsH maj bo Nouuratelj' tletertnined. 
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lilood tlie spectrum clears up, and the red, orange, xa^ 
yellow become visible, and a portion of the greeftj 
beyond a But bctwaen D and R there is an intensely^ 
dark space. On further dilution this gradually clears. 
up, leaving however two bands (Fig. 1, No. 1), one at 
o, near to D, with well-defined edges, and whose 
centre corresponds to 580 — 578 of the wave-line. 
Tile other, 6, broader, less shaded and defined at the 
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edges, near to e, whose centi-e corresponds to 540— 
543 of the wave-line. The two bands are charao. I 
teriatic of osy-hiemoglobin. The apace occupied by, 
these bauds is a measure of the amount of hrei 
globin present. Thus, in a solution one centimetre 
thick, and contaiuing 0'8 per cent, Ltemoglobin, the 
two bands are continuous from 695 to 520, whilst 
the green just beyond S18 ia slightly visible; by 
incrensing the strength of the solution the green 
disappears. With 0-35 per cent, the bands are sepa- 
rated ; a extends from 588 to 568, and h 554 to 524. 
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With 009 per cent, solution a extends from 583 — 
571, and 6 from 550—532, with less than O'Ol per 
cent, a is faint and extends between 583 iind 575, 6 is 
visible with difBculty, but Professor Gamgee gives its 
position as 538 — 550, If we add certain reducing 
agents to the blood, carefully excluding air, then the . 
oxy-hsBmoglobin is deprived of its oxygen, and we 
liave tlie spectrum of reduced hcemoghbin ; this gives 
a single bi'oad band extending from 595—540, diffuse 
at its edges, and darkest between 560 — 550 (Fig. 1, 
No. 2). The agent generally used for effecting the re- 
duction is a solution of stannous chloride, to which 
a small quantity of tartaric acid is added, and the 
mixture neutralised with ammonia. When a solution 
of htemoglobin is exposed for long to the 'air, or to the 
action of certain oxydising agents (ozone, pobissium 
permanganate, sodium nitrite, amyl nitrite, etc) in 
neutral or faintly alkaline solutions, it forms a 
yellowiBh - brown solution, and is converted into 
imtluemoglohin (Fig. 1, Noa. 3 and 4). Tlie nature of 
this body is not well understood. Formerly it was 
supposed to be per-oxy-hwmoglobin. It does not, 
however, form oxy-hsemoglobin under the action of 
reducing agents, but passes directly into the reduced 
hiemoglobin. This and other considerations have 
made recent writ«r8 view mettiiemoglobin as contain- 
ing less oxygen and more iron than oxy-hssmoglobin, 
but that the oxygen is in a more stable condition 
than in the latter body. In nearly all solutiona 
containing methffiuioglobin, the two bands of oxy- 
hiemoglobin are generally visible. This is accounted 
for by the presence of a portion of 0Ky-ha;mi^lobin 
not being transformed into methientoglobin. The 
fluids of certain cysts, the deposits after the extravasa- 
tion of blood into the cellular tissue, the blood after 
inhalations of nitrous oxide, or the administration 
of the nitriteB, and the urine in htematinnria, give th« 
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characteristic spectrcscopio appearance of luethtemo- 
globia. When a solution of hgemoglohin is treated with 
acetic acid, the two bands between d and e vaniKb, 
and instead we have a broad band between a and d, 
whose centi-e coiTesponds to wave length 625, this the 
spectrum of acid hiematin (Fig. I, No. 6). If the 
solution be now rendered strongly alkaline, this hand 
shifts nearer d, with a centi* corresponding to 610 of 
the wa,ve line, whilst the blue end of the spectnim 
becomes more obscure. This is the spectrum of 
aikaUne hcrmnlin (Fig. I, Ko. 6). If to either acid 
an alkaline solution, the reducing agent (stannous 
chloride, tai-tjiric acid, and ammonia) !« added, no 
hands are seen in c, d, hut instead two bands, not 
nniike those of oxy-haamoglohin, are seen between d 
and E, one a broad band reaching from d half way to 
B, and the other a narrower hand near G ; this is the 
apeotrum of reduced hamatin (Fig. 1, No. 7). The 
spcctram of acid hKraatin is not unlike that of methfe- 
moglobin in an acid solution, and has been mistaken 
for it ; by rendering the solution alkaline the resem- 
blance disappears. 

(o) The c/iem.ical projiertiea of ilis colouring mailer 
of the blood. — The detibrinated blood of the rat, 
squirrel, or guinea-pig, received into a beaker sur- 
rounded with iee, and allowed to stand a short time, 
yields abundant and well-defined crystals of htenio- 
globin, but with the blood of the ox, sheep, horse, or 
man, the separation in the eryslaiiine form ia not so 
readily obtained, and the foUowuig process must be 
followed : — 100 centimetres of freshly drawn blood 
must be rapidly defibrinated and placed in a shallow 
Teasel and treated with ten times its volume of 10 per 
cent, solution of sodium chloride, and set aside in a 
cold place (in summer placed in a refrigerator) ; when 
the corpuscles are deposited the supernatant liquid is 
.decanted off, and the mass placed in a filter and 
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^veB the molecular weight 13332. And aa 
laolecule of biemoglobin requires three moleculeH of 
soda to form noii-coagHldlile combinatioua, therefore 
-™= 4444, or the equivalent weight of hsemo- 
globin. 

The amount of oxygen linked with h»mog!obin to 
form oxy-bsenioglobin, is 1 '27 cubic centimetres of 
oxygen at 0" C. and 1 metre pressure to 1 gramme of 
h^moglobLo. Carbonic oxide and nitrous oxide dis- 
place the oxygen in oxy-hceiuoglobin, the solution ao- 
quiriug a bliiiah tint, but the spectrum is little altered, 
and is not adected fay reducing agentA, whilst the 
combination aeems more etable than that of oxygen 
with hiemogiobin. Na.matin Ci,^^'Sf,Fefi,^ is beat 
prepared by mixing defibrinated blood with a strong 
solution of potassium carbonate, till the liquid ad- 
■ hering to the sepai'at^wl coagulum becomes colourlesB. 
The ooagulum is then dried at 50° C. and digested for 
some days in absolute alcohol ; the alcoholic solution 
after concentration will deposit rhombic orystale. 
Hiematin crystals are of a bluish-black colour with a 
metallic lustre, becoming brown on trituration. They 
are insoluble in water, alcohol, ether, and chloroform, 
but soluble in acids and alkalies ; the acid alcoholio 
solutions are monochromatic, having a brown colour; 
the alkaline solutions are diohTomiitia, and bun^ 
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olii^-green colour and (lurk red. in the thicker layemf 
The ciystala aup]Knt a temperature of 180° C, but 
nbove that they carbonise. When treated with 
strong sulphuric aicid htematin is deprived of its iron ; 
this substance, to which Hoppe Seller ha» aBsigned 
the name of hxirtatopopphyrin (thus, C,^,||NgOii^ej+ 
4S0,H. + 0, = C„H™Ns0„(8OiH.,) +zFeSO^ + zH^O), 
gives to the spectrum a dark band midway between 
D ajid E, and a nart'ow band between c and D 
(nearer d) ; the Bpectruai also is deeply shaded 
between d and B. If a solution of hemoglobin 
reduced by hydrogen is decomposed by Bidphuric 
acid, a substance is formed which Iloppe Seyler has 
named hcEmoeromogen, and which by oxydation yields 
heematin. This body when in alkaline solution is 
identical with reduced hiematin, whilst in acid solution 
its spectrum gives a combination of those of ocid hie- 
matin and hramatopopphyrin. 

Heemin CiaH^NjFesOii.Cl^ or btematin hydrochlo- 
ride ; if a smaU quantity of blood is rubbed up with 
sodium eliloiide and boiled for a few niiuut^ with 

^ glacial acetic acid, and the mixture evapo- 

^^JP rated to dryness, in the residue, mixed_ 

^fM i with colourless crystals of sodium chloride 
and sodium acetate, will he found rhombic 

^Emir tablets of hsemin (Fig. 3) ; which are of a 

CrjBtui*. bluish - red colour when viewed by re- 
flected, and brownish - red by transmitted, light 
They are insoluble in hot and cold water, in 
alcohol and ether. Soluble in alkaline solutions. 
All acids, with the exception of hydrochloric and 
acetic acid, decompose them. Heated to 200° C. 
tliey unclergo decomposition, evolving fumes of 
pnissic acid, and leaving a residue of oxide of iron. 

Hcemalmdin C,tH|jN,0, (Robin and Vordeil). 
Under this name Virchow described certain red 
cryBtala found in clota of old extravasations, as in 
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apoplectic clots, corpora luteo, etc. Thpy have been 
considered to be identical with bilirubin, but the 
question is not yet decided. They can be obtained 
from the corpora lutea by rubbing them up with 
pounded glass, t^tating frequently with chloroform. 
After standing some time the chloroform solution ia 
poured off and allowed to evaporate. The crystals 
thuB obtained are red by transmitted, and green by 
reflected, light ; they occur in rhombic plates, and 
are soluble in chloroform and ether, but inaolublo in 
alcohol, water, and alkali. 

96. Examination of blood staiHs. — The 
surface or substance of the material must be scraped 
or cut into small fragmenle and digested in as little 
distilled water aa possible. Of the reddish fluid 
examine (1) under microscope for blood corpuscles; 
(2) placed in deep narrow cell and examined by a 
Bpectroscopic eye-piece with a low power of micro^ 
scope, for bands of hainioglobin ; (3) add a few drops 
of glacial acetic acid and a small quantity of sodium 
chloride evaporated to dryness at 40° C. and 50° C, 
and examine residue for biemin crystals ; (4) place a 
drachm of tinctui'e of guiiu:um in a test tube and add 
a drop of the solution, then float on surface etherial 
solution of hydrogen jwroxide; if blood, a blue ring 
will form at junction of the etherial solution and the 
guiacum. (N.B. — Other substances besides blood 
give this reaction with guiacum.) 

97. The colourless corpuscles. — ^ These are 
the white and the intermediate. The former are nu- 
cleated mftssea of protoplasm of granular appearance, 
possessing the power of amceboid movement. They 
are larger thmi the red corpuscles, the diameter being 
stW'^ of an inch. The intermediate or hiemato- 
blastfl are snialler than the white corpuscles, and 
the nucleus is mora obscured by granules. Treated 
«itii Metie add the oolourlew corpusclee swell upt 
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ronilering the nuclei more diRtbct Toached 
solution of ioitine and potassiam iodide, the body 
the corpuscles b stained a nuUiogany-brown, indicating 
tlio presence of glyct^en. The proportion of white 
corpuscles to red may be Etated as 1 to 34(1 — 330, 
but the |)roportion varies considerably under different 
pliyaiolngicjil conditions, being increased by fasting 
and diminished by food. In leucocythietiiia the pro- 
portion of white corpuscles to red ia greatly increased, 
so as often to amount to one-eighth or one-tenth of 
the coloured corpuscles ; they are of the same shape as 
in noiTual blood, but often smaller. On standing, 
delicate ciystals often form in them ; these are sup- 
posed to be a phosphate of a proteid base. In pro- 
gressive pernicious anwmia the white corpuscles are 
not absolutely increased. In anldition to the white 
oorpuscles in leuciemia, and perntdous anEemia, there 
nre often nucleated coloured corpuscles similnr to 
those found in the blood of the human embryo; in these 
CBSes the marrow of the bones ia generally affected, 
whcthiT as a primary or secondary condition is still 
u tidetcrm i ued. 

98. Blood serum, as it separates from 
coagulated blood, is clear fluid of a straw colour, sp. 
gravity 1-025 — 1-028; its alkaline reaction is higher 
than an equal bulk of blood. It contains, in addition 
to fatty matters, extractives, and salt, the other pro- 
toids of the blooil, viz., paraglohiilin and serum albu- 
min, /'araylobrdin, soruni globulin, or fibrinoplnatio 
substance, ia precipitated from blood serum by adding 
to it magnesium sulphate to complete saturation when 
it is pi'ocipitiiti'd. Hamraursten by this method haa 
obtained 3-103 parts of paraglobulin in 100 parts of 
blood. It is said to pass easily through animal mem- 
hraiiefl, which serum albumin does not It ia, thi 
fore, not im|irobiible that some cases of tempoi 
KU)ununurta may be due to the jiasaage of this ' 
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into the urine, and not altogether to the preaence ol J 
serum albumin, as generally eOpposed. Paraglobulta T 
with fibrinogen in the presence of the fibrin fermenr 
forma fibrin j fibrinogen, however, is only found in the 
blood plasma. Tiie tenmi aibumin can be obtained 
after the removal of the paraglobulin, by gently eou- 
centrating the filtrate at a low temperature, 30° C. 
to 35° 0., and then placing it on a diidyser to remove 
saline impuritiea ; the Kolution will then give the re- 
actions degoribed (§ 20). 

99. Fatly matters. — A definite quantity of 
blood is evaporated to diyneas over a water-bath, and 
when completely dry the mass ia broken up and 
carefully triturated in a mortar, aud tlie powder 
thoroughly exhausted with boiling ether. The etherial 
Bolntion is then evaporated in a weighed platinum 
capsule. The increased weight of the cn])sule gives 
the amount of fats in the quantity of blood examined. 
Norma! blood yields fi*om '18 to -2 per cent, of fatty 
matter, which consists of sapoiiiSahle fats, lecithin, 
and cholesterin, the two latter being chiefly, if not 
altogether, derived from the corpuscles. To obtain these 
bodies sepamtely, the residue in the platinum capsole 
must he ugain treated witJi ether and boiled with 
baryta water ; the fatty acids are thus converted into 
bttiyta Boap, and can lie removed by filtration. The 
precipitate in then treated with absoiute ether, which 
removes the cholesterin from the soapa, and is evapo- 
rated on a weiglied filter and the amount of cholesterin 
ascertained. The filtrate is then divided into two por- 
tions. One is evaporated till it is dry, and is then 
extracted with absolute alcohol ; the neurin, one of the 
products of the decomposition of lecithin, is then pie- 
cipitated by platino-chloride solution, as neurin piatino- 
cldoiide. The otherportion of the filtrate ia evaporated 
to dryness, and fused with sodiuin hydrate and nitre, 
and the residue disstdved in water and nitric acid added 
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in exoeBB ; a Bolution of ammonium molylMJate givna 
a yellow deposit, which is to be disnolvcd in aramoiiiu. 
To Uiis, solution of magiiosiuiu sulphate and nmnio- 
niuni chloride is added, and on spontaneous evapora- 
tion eryatals of ammonio- magnesium phosphate will 
form. The cryBtals are collected in a platinum capsule, 
anil ignited oa directed for the determination of mag- 
no8ia(5 85). Then since 100 partsof the pyrophosphate 
are equivalent to 7G4-8 parts of lecithin, a calculation 
of the amount of lecithin ]>resent con be made. Thus 
if the weight of the pyrojihosphate amounts to '026 
grammes, then the lecithin will amount to 0-19764 
grammes, but as only half the tiitrate was taken, then 
the total lecithin in the fatty residue will be 0'33628. 
Now supposing the amount of blood examined for 
fatty mutter yielded a residue of total fats of I'd per 
cent., then by deducting the weight of the cliolesterin, 
which on weighing has been found to be '08 grammes, 
and deducting the weight of the lecithin as fouu<l above, 
we have the weight of tbc saponitiable fat. So that 
100 grummea of blood have yielded 1-9 parts of mixed 
fatfl, of which '08 is choleaterin, -395 is lecithb, and 
the remainder 1-425 saponitiable fat The amount of 
fat in the blood is increased after a full meal and 
diminished during fasting. In diabetes the blood 
sometimes assumes a lactescent appearance {IvptrmaaS, 
due to the presence of excess of fatty matter. This 
condition, which is rare, ia generally met witli in cases 
that have run an acute course, and terminate in a 
])pculiar form of coma. (iSW Aoetonfemia.) Cholestcrin, 
it is said, is also to be found in excess in the blood in 
cases of liyer diBoase. (See Olioleatermmia.) 

100. Eximctlves consist chiefly of urea, glu- 
cose, kreatin, hypoxanthine, and uric acid. (1) UtBa 
can be determined either (a) by diluting 00 grms. of 
blood with 300 of distilled water and adding five drops 

nilphuriu acid, and boiling the mixture. Filter. 
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To the filtrate add a saturated solution of baryta 
hydrate {2 volumes) and barium nitvate (1 volume) to 
throw down sulphates and phoKjihates, and add a 
few drops of strong solution of silver nitrate 
to precipitate chlorides. Filter, Add cautiously to 
filtmte some sulphuric aeid till there is an acid 
reaction. Filter. Evapoi-ate filtrate to consistence of 
syrup, and add 50 cc. of absolute alcohol. Filter. 
Evaporate alcoholic solution and dissolve residue in 
50 cc, of water. To this add cautiously 6-oin a Mohr'a 
burette, drop by drop, Liebig's solution of mercuric 
nitrate (*ee ljrine,§ 110), diluted with an equal quantity 
of distilled water, stirring after each addition, and 
removing a drop of the mixture to a plaster of Paris 
slab moistened with drops of sodic carbonate solu- 
tion. When a yellow stain is given to one of these 
drops, no more mercuric solution is to be added. As 
1 cc. of the mercuric solution is equivalent to 
"005 gramme of urea, the number of eentimetrea of 
the solation used indicates the amount of urea in 
50 cc. of blood. (6) Defibrinate* 20 cc. of blood, 
place it on a parchment paper dialyser, and spread it 
over it BO as to form a thin layer. Float it in a 
vessel containing dO cc. of absolute alcohoL From 
time to time add a very little distilled water to keep 
the mass on dialyser moist ; continue the process for 
twelve hours. Treat the diffusate with an equal 
bulk of solution of concentrated oxalic acid, and 
evaporate to dryness. To residue add some naphtha 
petroleum to remove fatty matters. Dissolve the 
purified residue in a little water, and add liarium oar- 
bonata Evajjorate. Treat the residue with boiling 
alcohol and filter. Concentrate filtrate, from which 
on cooling urea will crystallise out. The percentage 
amount of urea in healthy blood ranges from '025 to 
■035 grms. In Bright's diEea.w, acute yellow atrophy 

* Hayoraft'i method, from ProfeBior Gamgee'i 
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mkI tha ftmriAt wmIiuxI sod tt« snrfaee cleaned from 
mII iultiprin(( prrajrtlnl". Ni>w Uib mbnxiile ia ta « 
HI atjitj) Iji (Imwilvf', aiul, nft«r tbe lulilition of a few 
dn/fiii nf [■rvixiili) nf hydrogen, a rciy smnll qnuitity 
nf riitr^ ntH'! (a fiiw dropii only) is suffiinent to lead 
\n Inatftntaiiiioiiii noliitirm, nnd, after boiling, to decom- 
INHW ihn nxMiM of gMnvixiile of hydrogen, the contenta 
(/f tfin tnwrkiT, uiiuNiHtinff of filt«r-j>log and dissolved 

IiriHiipitAt^n, urn fHtiiroil into a funnel containing a 
iiowi |ilUK of ^liuiit-wnol, to obtain the liquid in a 
(■(■IMrittn form, 'i'ho n!({iiiHite washing with diiitilled 
wfitiir liavinf( Imoii pcrformnd, there only remains the 
llniil dtftft" of thii |tri)C(«w to bo aocomplished. 

The lirjuii] to 1ki now dpalt with contains the 
copiiiT in th" form of iiitii>tj>, which experiment has 
Nliriwn to Iw the tnoHt Buitable for yielding a pure 
liiKtnllio ilcpfwit by gnlvanio action. For the purpose 
nr nollncting thu il(^[*oRit, a cylinder of platinum foil, 
nold('H«l to n platinum wire for hooking on to the 
nogative iwln of tlin buttery, in employed. This is 
Immoniocl In the li(|uiil no as nearly to touch the 
linttoni of the viibhoI, and iiisorteil within it ia a spiral 
I'liil iif pintiiitiiii wire, nirulc to constitute the positive 

liiiuiiiiH poiiiiivliiiii, the plntinum spiral is closely 
l".iiiiil t.i W\y >.'<\\\\\y>r wild noting- wire of the battery, 
lui.l Ihi' oditT imlti is jirovidfd with a platinum hook 
for llir' KiiH|i<<iiHiiin of Uie cylinder. At the end of 
tiM'iily finir hcmrs' cxposupe to galvauic action the 
Mriglii of iht! cvlindpr witJi tlie deposited copper is 
(Akoii. Hio i-yiindur is lifted quickly out of the 
liquid, ftiid instantly itliinged, first into fUstilled 
wittorv and thnn intu spirit, the latt«r being naed to 
avoid tl)« n(Vum>t)c«> uf oxytlattou of the ci^iper in 
drying. Aftnr dnring br suspMision in a water- 
OVN), tht> i^roivRi 01 wi>tghtn)t is performed, and it is 
iMtnlly mwownr to nty that i ' 
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balance is required for tlie purpose. The weight of 
the cy]indfr being known and subtracted gives tlie 
weight of the copper that has been thrown down. In 
the case of an analysis of blood containing an 
ordinary amount of sugar, and therefore yielding a 
limited amount of copper to be deposited, twenty- 
four hours have usually been found to suffice for the 
completion of the operation ; but it is necessary there 
should bo no uncertainty upon this point, and, to 
secure this, the following course of procedure should 
be adopted. After the weighing has been eflected, 
the deposited copper is dissolved off by immersion of 
the cylinder in nitric acid, and the cylinder then 
returned into the liquid to see if any fresh deposit 
CMScnrs. If, after some hours, no copper tint is neen, 
the operation may bn regartled as completed ; but, if 
more deposit has occurred, the imniersion must be 
continued, and another weighing performed, and this 
repeated till the platinum surface remains untinted. 

The galvanic action requires to be steadily and 
continuously maintained, and a modification of Fuller's 
mercury-bichromate battery has been found to answer 
best for use. The arrangement that was employed 
in Dr. Pavy's experiments consisted of an outer cell 
provided with two carbon plates, and charged with bi- 
chromate of potash dissolved to saturation in dilute sul- 
phuric acid. Into the inner poiwus eel! a little mercury 
ja poured, ajid it is then filled up with water. An 
amalgamated einc rod is inserted, and dips down into 
the hiyer of merenry at the bottom. This battery, it 
is found, gives a steady current, and, used every day, 
will remain in good working order for at least a 
fortnight, all that ia necessary being to pour out the 
liquid in the porous eel! when it has become green 
from reduction of tbe diffused bichromate solution, 
and replace it with water. Attention is, of course, 
necessary to secure that the proper battery-power 
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exista to effect the deposition of the copper, EinU, 'when 
tlie CQiTent becomes weak, the zinc ivxl must be cleaned, 
anil the bichromate of potash solution replenished. 

When Bugar is boiluti witli the cop]ier solution, 
the clinnge occurring stands in the relation of one 
atom of the former to five atoms of cupric oxide. 
One ntom of sugtLT \& oxydised by, or reduces, five 
atoms of cupiic oxide. This is the foundation of the 
action involved in the opemtion of the test, and the 
calculation of the amount of sugar present is made 
accordingly. Taking 63'4 as the atomic weigJit of 
copper, and 180 as that of glucose C„H|,Oa, 317 
pai-ts of copper will stand equivalent to 18U parts of 
. glucose. Thus, one part of copiter corresponds to '567S 
of gltioDKe, and, in calculating the amount of sugar in 
the blood analysed, the weight of tJie copper deposited 
has only to be multiplied by '5678 to give its 
equivalent in glucose. The quantity of sugar in the 
amount of blood taken for analysis being thus deter- 
mined, the required information is supplied for 
expressing the proportion for 1000 parts, 

(3) Kreatin is found in only very small quantities 
in blood. In order, therefore, to i^tain it in any 
appreciable amount, large quantities of blood aie 
required for analysis. Take 1000 grms. of blood, 
and remove albuminous constituentB, phosphates, sul- 
phates, and chlorides, as described for the determina- 
tion of urea. The clear filtrate is then precipitated 
by a solution of basic lead acetate. Filter. Tlia 
filtrate is then decomposed by sulphuretted hydrogyii 
to remove the lead, and filtered through animal 
charcoal. The filtrate is then evaporatarl gently to a 
syrupy consistence, and treated with twice its voltune 
with alcohol, from which mixture crystals of kreatin 
(§ 63) will deposit. [The student who wishes to 
obtain kreatin as a 8|)ecinien cnn readily obtain it 
by dissolving 5 gi-nis. of moat extract in 50 cubio 
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centimetres of water, adding basic leiid acetate, and 
proceeding with the filtrate as directed above.] 

(4) Hy)i>xanthin is found in the juice of flenh, in 
the spleen, and in the thymus and thyroid glands. In 
leuoDcyth^mia it is found in appreciuble quantities in 
the blood. To determine it, take 100 grms, of blood, 
and separate the albuminous constituent, the phosphate 
sulphate, and chlorides. The aqueuus solution is 
then treated with ammoniacal anlution of silver 
nitrate, as directed. (5^8 Urme, § 125.) 

(5) Uric acid cannnt be obtained from healthy 
blood in quantities sufficient for ideutiii cation. In 
gout, however, this nuljstance can be obtained for 
esamination by placing about two dnichms of serum 
(obtained from a blister) in a large watch-glass, and 
adding to it, by means of a glass rod, acetic acid 
till it has a decided acid reaction. Place in the mix- 
ture a fibre of coarse linen, and allow it to stand till 
the contents of tlie watcb-glasa become gelatinous ; 
then take out the fibre, and crystala of unc acid will 
be found adhering t« it (§ 111). 

101. Salts. — The inorganic residue of blood is 
generally det«rmined by incinerating a given quantity 
of blood in a. muflle furnace, or over a Bunsea lamp, till 
the ash is nearly colourless, and making a quantitative 
estimation of the acids and bases present, This 
method is sufficiently accurate when we wish to deter- 
mine only the hoses ; but, in the case of the phosgihates 
and sulphates, it is liable to error, Huioe the phos- 
phorus contained in the pliosphoriaed fata, and the 
Biilphur from the proteida, become oxydised, and com- 
bines with the bases. It is therefore h&it to calculate 
the bases directly from the ash, according to directions 
§§ 83 and 88, and make a separate detei-mination of 
the acids directly froiu the blood. This can be done 
by placing a small quantity of blood, dried at a low 
I and completely pulverised, and then 
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■uoislened with water, on a dialyser, and floating it in. 
a Htnall quantity of distilled water, till what comes 
from the dialyser when placed in a fresh quuntit; of 
dtHiilled water no longer gives a haze with solution of 
ailver siti-ata The dllfiisate contains both the 
oxydised and tmoxydised inorganic residue, and the 
former can be calculated volumetrically by the pit)- 
cessea given for the estimation of phosphoric acid 
(% 113), hydrochloric acid {§ 114), and sulphurio acid 
(§ 115), (See Urine.) An analysis so conducted 
yielded the following results : 100 parts of blood the 
aah yielded, lime, 'Oil ; magnesia, OOG ; potash, 031 ; 
Boda, -374; iron oxide, -045 ; phosphoric acid, -112; 
Bulphuric acid, -035; hydrochloric acid, -285. This 
analysiii shows the preponderance of soda over potash, 
3, preponderance which is still more marked if only 
thu serum be takeu for analysis. On tlie other hand, 
tlie potassium salts are more abundant in the cor- 
jiuBcles (§ 10). Tht! chlorides, again, are more abun- 
dant ill the serum, the phosphates in the corpuscles. 
With regard to the combination existing between the 
bases and the acids, the soda combines with chlorine 
to form 0'53 per cent, of the aah, and with phos- 
phoric acid as neutral phosphate Na,U.POu whilst 
'16 ]>arti) of soda are combined with carbonic acid as 
normal carbonate IfaiHCU^ and as acid carbonate 
NaH,COr It ifl owing to the decomposition re- 
Hidting between the neutral phosphate of soda and the 
aciil carbonate that acid secretions ai-e separated from 
the alkaline blood ($ 9), a fact I showed ejcpen- 
mentHlly in 187 4,* and which has subsequently been 
confirmed by other obsei'vers. The phosphoric acid 
chiefly combined with potash in the corpuscles, and 
with lime and soda in the serum. 

102. Toxic conditions of the blood — When 

any impecUmoiit is oHered to the excretion of the 

* LancA, July, 1S74. 
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eiTete materials of the organism by the natui-al cbai: 
nels, these Eiccumulatc iii the blood, and induce symp 
toms of great gravity. When, for instance, the proces 
of aSratioii of the blood by means of the lungs i 
checked to any great extent, carbonic acid accumulata 
in the blood, and the condition of asphyxia is induce ' 
This, when the blockage of the air-passages ia c 
plete, proves rapidly fatal In less severe forms o 
obstniction, the condition is marked by dyspucea, a 
a more or less livid and purplish condition {cyaitmiA 
of the skin, and visible mucous membranes, due to tl 
presence of imperfectly aerated blood in the capillar 
Cyanosis is the most conspicuous symptom 
genital deformity of the heart. Insufficiency of t 
tricuspid valve, causing as it does great engorgement' 
of the veins of the systemic circulation, ia generally 
accompanied by marked cyanosis. In emphj^emo, 
especially in the later stages, when the right side of 
the heart ceases to compensate by its hypertrophy for -m 
the circulatory impediment, the cyanosis becomes ox-a 
tremely intense ; even in the early stages, with t' 
loss of the interalveolar septa and disappearance of th6 1 
capillaries, the imjierfect aeration of the blood is 
manifest in the leaden hue of the patient's countenance. 
In disease affecting the left side of the heart, cyanosia 
is not a marked symptom. Niemeyer ingeniously ac- 
counts for this by the supposition that in valvular affec- 
tions of the left heart the pulmonary circulation isaur- 
eharged with blood, whilst the quantity of blood in 
the systemic cii'cnlation is abnormally sniall ; whilst! 
in emphysema, where many pulmonary capillaries ha V9 J 
perished, and in diseases of the tricuspid and putfl 
monary valves, it is the systemic circulation which iA 
overloaded, whilst the pulmonary contains too little 
blood for effectual aeration. In diseases accomjianied 
by diminution in the number and colour value of the 
red corpuscles, in addition to the pallor, 
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usiiEtlly a well-mnrked leaden hue ; tkis Vi partiuulaj'ly 
noticeable in patients Bufiering from scurvy. 

In diaeiisea of the kidney, when the excretion of the 
eolid matters of the urine is conHidernhlj diminished, 
n condition known as wnBtihia often superventia. This 
is genei'ally attended by a drowsy condition, more or 
leas intense, with the frequent recurrence of convul- 
sions of an epileptic character. The urine is gi-eatly 
diminished ; but if it should be increased, as it is in 
some rare cases, it is of very low specific gravity. 
Numerous views have been advanced to account for 
the symptom. Some consider it due to the |)oi3Cinou3 
action 'per se of retained urea ; others, that the urea 
is decomposed into ammonium carbonate, and the 
blood is. poisoned with ammonia; while others hold 
tliat excess of urea in the blood causes the water of 
that fluid more readily to transude through the capil- 
laiies, and tlius cause cedema of the brain. Against 
those views it may be urged ttrnt uitia may !« injected 
in large quantities into the veins of animals without 
inducing uraimia; that no ammoniBical odour is perce{>- 
tible in the healtii of persons Buffering from this 
comlition, whilst in typhus fever, in which ammonia 
has been recognised in the breath by many reliable 
observers, the coma is not of unemio charact«r. And 
lastly, anemic convulsions occur in some cases without 
there being evidence of any marked diminution in the 
excretion of urea, as in puerperal convulsions. In 
this condition a considerable quantity of albumiu is 
passed in to the urine, amounting, in three examina- 
tions I have made, from six to eleven grms. in the 
twenty-four hours ; tbe urea, on the other hand, was 
irily sliglitjy below the normal rate of excretion. Con- 
sidering urtemic convulsions occur chiefly in cases 
where the drain of albumin has been considerable, 
either in large quantities as in acute nephritis, or in 
Btuall quantities but of long continuance, as in chromo 
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renal disease, I think we may reasonably attnbnt« 
the condition in some measure to the withdrawal of 
the nutritive matter of the blood, or, nt least, to the 
altered percentage relationship between it and the 
efiet« (extractive) mat«riaJs. One point is clear, that 
venesection often proves of immense service in thia 
condition, apparently by altering the peroentage 
composition. In one case of uroiioic convulsions, 
in a lady seven months advanced in pregnancy, whose 
urine I examined at the request of Dr. John Williams, 
I found in the urine pEtssed during twelve hours 
immediately preceding venesection, 6'1 grammes of 
albumin, whilst the urine paisaed in the twelve hours 
immediately after venfiseotion only contained 2-3 
grammes. Free purgation, by relieving the tension 
in the renal capillaries, has much the same eti'ect, 
though to a less extent. A patient in a etate of 
deep eoma, which had been preceded by convul- 
sions, had a drop of croton oil administered, liia 
urine at the time containing about one-fifth albu- 
min; after &ee purgation he recovered conscious- 
ness for several hours and the urine was found on 
examination to contain only one-tweJfth albumin. 

In disenaes of the liver, when any obstruction ia 
offered to the onward passage of the bile, re-absorption 
takes place, and the bile passes into the blood and is 
deposited in the tissues, giving rise to tlie phenomenon 
of jawndice. (See Bile, chapter v.) 

In certain forms of liver disease, particularly 
cirrhosis, in which there is a great destruction of 
liver cells, the tennination ia by coma, and has been 
attributed to the retention of cholesterin in the 
blood (eholMler<emia). We have no evidence, how- 
ever, to show that cholesterin has any toxic influ- 
ence. Krusenstern injected from '005 to -046 gramme 
of cholesterin daily into the veins of dogs, and found 
the animals uuaifeoted. Fagte arrived at the sams 
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reaults.* Looking at the question from the purely dini- 
cal side, one would expect cUolestertEmiti in all cases of 
jauudice where tliere was conaidei*ahle resorption of 
bile. If the liver La the seat, as is generally held, of 
the destruction of the blood corpuscles, which contain 
Dearly all the cholestertn found in the blood in the 
normal state, we may naturally suppose the cholesterin 
of the bile re-absorbed in a free stat« into the blood, 
vould rapidly induce cliolesteiiBinia ; but, as a matter of 
fact, the pbcQomena attendant of thia condition &re 
not common to jaundice, due eimply to obstructions, 
however complete, unless there be also considerable 
destruction of liver tissue and disease of the kidneys. 
Again, in acute yellow atrophy, where we have rapid 
deatructioD of the liver cells, and where jaimdice ia com- 
paratively slight, the coma is preceded and attended 
with symptoms much resembling those witnessed when 
acids. Of phosphorus, are injected into the veins of 
unimals, or in patients dying from acute diabetic coma 
(acetonieniia). From these considemtiona I venture to 
think that the coma attendant upon hepatic disease in 
which there is considerable destruction of liver cells, is 
not due to the accumulation of cholesterin, which, in 
many ca.sea of ordinwry jauudice, increases four or tivf' 
percent. (Frerichs) without inducing the condition, but 
to a general increase of the excretory matters in the 
blood, and this supposition is Strengthened by the fact 
that the condition ia never witnessed unless there ia 
also some impairment as well of the renal functions. 

In diabetic urine there is often found a body that 
gives with ferric chloride a deep red reaction, and cor- 
responds, in many respects, with acetone, or acetone- 
yielding bodies. As this substance has been found 
most froquentlyt in the urine of patients dying rapidly 

• Jmtnuil dt I'Anatomit tt de la Fhjmologie, 1876. 
+ AoetODs ooQ bo obtainod from moat diabetio urines by da- 
UIldtiuQ with hjdroohlorio udd. 
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of aaute diubet.ic coma, it iias been supposed t1mt this 
phenomena is due to the pi-esence of acetone in the 
blood (a.cetotuxm.ia). Free acetone, however, has not, 
I believe, ever been obtained in a free state from 
fi-eshly-dmwn diabetic blood, but there ia little doubt 
that a body readily yielding acetone can lie separated 
fiom the blood of such patients. The nature of tliis 
body is a matter of soine dispute ; most writers consider 
it to be ethyl diacetate, which, by decomposition, 
yields equal molecules of acetone and alcohol. In this 
case, by distillation we ought to obtain equal amounts 
of acetone and alcohol ; indeed, as acetone is the most 
volatile, it should be found in less amount. Some 
recent observations,* however, have shown, on the con- 
trary, that when diabetic urine is distilled, the acetone 
is considerably in excess of the alcohol, and hence it 
has been surmised that the body is some conipound of 
aceto-acetic acid. When acetone, or tie acetone- 
yielding body, is found Iji the urine, there is as well a 
peuuliar odour, like that of acetone, exhaled by tlie 
breath, and the urine likewise. This odour is gene- 
rally particularly noticed a? precuding acute iliabetie 
coma, though when tliat condition ia thoroughly esta- 
blished, it often disappears. After death, a lactes- 
cent or milky appearance is sometimes noted, with 
fatty changes of the liver and other viscera, though 
these conditions arc far from being invariable. Acute 
diabetic coma or acetoasmia is distinguished from 
the more common but leas characteristic form of coma, 
which usually terminates the disease, is the sudden- 
ness of its onset, the gastric disturbance, as shown by 
the acute epigastric pain, the vomiting (sometimes of 
blood), and moi-e rarely, frequent purging ; the pecu- 
liar noisy delirium, the pajiting leepiration like an 
auimal with both vagi cut, the fluctuations in the 
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rapidity of the pulss, which maintain till the coma b 
-wdl established, when the pulse continues intensely 
r^pid and small. These are symptoms which come 
on in rapid sucoessioo, and present a parallel to 
those which occur in acute yellow atrophy and phos- 
phorus poisoning, or the injection of the bile acids 
or mineral acids into the blood of animals. The origin 
of the acetone-yielding body has not been determined, 
but it is probable that it is derived fi'om some meta- 
morphosis of the sugar in the blood, forming alcohol 
and the products of alcoholic fermentation. When 
wo consider the highly acid character of the urine in 
diabetes, and the fact that symptoms of acute diabetic 
coma are not unlike those produced in animals 
poisoned by the iitjectioti of acid into their veins, it in 
not improbable that the body concerned is of aa acid 
nature — oceto-acetic acid, aa has been suggested. This 
body is probably present in the blood of most diabetica, 
in small quantities, and by its elimination fn!)lii the 
urine gives that secretion the highly acid reaction met 
with in diabetes. When, however, it is formed in 
excessive quantities, of its eliininHtion is interfered 
with, it accumulates ui the blood, giving i-ise to the 
condition known as acetoosamia. The presence of 
acetone, or the acetone-yielding body, can be demon- 
strated in urine by the deep red coloration given by 
ferric chloride, which disappears on the addition of 
hydrochloric acid, and by the reaction with iodide of 
potassium. This lant I have endeavoured to niuke 
available as a clinical test, as follows . About a drachm 
of liquor potasste, containing twenty grains of iodide of 
potassium, is placed in a test tube and lK>iled ; a 
drachm of the suspected urine is then carefully fioateil 
on the surface. Where the urine comes in contact 
with the hot alkaline solution, a ring of phosphates is 
formed, and after a few minutes, if acetone or its allies 
are present, the ring will become yellow, and studded 
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witli yellow points of iotloform; these in time will sink 
through the ring of phosphates, uod hecome deposited 
at the bottom of the test tube. 

103. Chyle and Irmph—Tn exainining these 
fluids the same stejis are to be taken as in the examinit- 
tion of blood, and the same metliods employed for the 
determination of the specific gi-avity, the reaction, the 
anioiint of librin and other proteida, the fatty matter, 
the extractives, and the salts. The chyle derivecl from 
the intestinal lacteals does not contain fibrin, and 
consequently does not separate into clot and serum. 
If the animal has been fasting, the chyle loses its creamy 
appearance and becomes more transparent and of a 
yellowish colour. 100 parts of chyle yield, when 
taken from the lacteaia in full digestion : water, 91-8 ; 
solids, 8-2; fibrin, 0'2; proteida, 3-5; fats, 3-3; extrac- 
tives, 0-4; salts, O'S; when fasting: water, 96-8; solids, 
■38; fibrin, '09 ; proteids, 2-30; fat, -04; extractives, 
■28; salts, -49. The proteids consist of Beruro albumin, 
paraglobulin, fibrinogen, and peptones. The fatty 
matters, whioh consist of minute spherical globules, 
and form what Gulliver called the molecular base of 
the chyle, are a mixture of saponifiable fats, choles- 
terin, and lecithin (100 parts of ether extract yield 
81^ saponifiable fat; 7'5 parts lecithin; 11-3 parts 
choleaterin ; Hoppe Seyler). The extractives are urea, 
and glucose, whilst leucin and tyroain are frequently 
obtained. The constitution of the ash resembles that 
of tJio blood, the sodium having a preponderance over 
the potassium salts. Lymph ia a clear, colourless, or 
straw-coloured fluid, of slightly alkaline i-eaction. In 
composition lymph cloaeiy resembles chyle, diflering 
chi^y in the smaller proportion of fibrin and fatty 
niattera it contains. 

104. Milh.— The following gives the average 
coropoaition of human milk io lOOparta: water, 86'86; 
joIidB, 13-2; proteida (chiefly casein) 3-98, buttar 378, 
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sugar of milk SSS, estractives 0-23, salts 0-35. 

It varies, however, considerably with tlie character of 
the food and other physiological condiclonB. Of the 
constituents, however, the casein and sugar are the 
moat constant, whilst the fatty matters show a wide 
range of vaiiabiUty. Analyses hare shown that the 
competition of milk varies with the age of the infant, 
Thuu the casein is at its lowest at the commencenieat 
of suckling, and then gradually rises till it attains a 
fixed proportion, whilst the sugar is at its maximum 
at the commenceiueut and subsequently diminishes. 
This is important in relation to the artificial feeding 
of infants. A comparison of human milk with cows' 
milk shows that the latter contains more casein but less 
sugar, whilst asses' milk, though poorer in casein than 
human milk, is quite as rich in sugar. The colostrum 
or the milk, passed during the first week after delivery, 
hafi a more alkaline reaction and higher specific 
gravity than ordinary milk, and ia richer in casein and 
fatty matters. In certain morbid conditions the 
composition of the milk may be altered, though 
observations on this point are much wanting. In 
pyrexia the secretion is diminished, or may be quite 
suppressed, and the quantity of solids, chiefly the fats 
and sugar, fall considerahly. After undue escitemeiit, 
shock, mental emotion, the milk has been noticed to 
have an acid reaction, or to become so shortly after 
secretion. In some cases rapid decomposition seta in 
with the evolution of sulphuretted hydrogen. Certain 
substances taken as food or medicine tind their way into 
the mammary secretion and for a time render it unfit 
for use. During the latter stage of pregnancy and the 
earlier period of lactation sugar sometimes appears in 
the urine; this must not be confounded with the grape 
sugar of true diabetes, but is the milk sugar, lactose 
(F. Hofmeister "Ueber Lactosurie, Zeit»ch. f. Phyn. 
Cliem.," L § 101), and can be distinguished by its 
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jihysical aud chemical chai-aeters (§ 13). Milk Bome- 
times assumes a distinctly blue appnai-aiice ; this is due 
to the devclojiinent of bacteria. When inilk ia added 
to as artiticial Holution of gastric juice it becomes 
curdled, and this curd ia gradually dissolved as diges- 
tion proceeds. This curdling ia not due to the acid of 
the gastric juice, but to some ferment which aeta 
up lactic acid fermentation in the milk sugar, as 
ia evident by the tuct that if the artificial juice is 
neutralised before the addition of the milk, the 
curdling takes place just the same. The specific 
gravity of the milk and its alkaline reaction are 
determined by the same methods aa described for 
blood. The casein is sejiai-ated by adding a few drojrs 
of acetic acid, and boiling. Collecting the curd and 
drying it, rubbing np the dried residue in a glass 
mortar and frequently extracting with ether to remove 
the fatty matter ; placing the purified residue on a 
weighed filter and drying it. The fatty matter, 
extractives, and sa.lta are detei-mined aa directed for 
blood. The lactose can be obtained as directed by 
Pavy'a method for separating giucoSe from blood, or 
can be estimated directly by Fehling's process (»ee 
Urine), after the milk has been freed from albumin. 



CHAPTER IV. 

MOEBID COSDITIONS OP UKINl 




105. ExaminBtion or morbid urine. — In 

order to draw conclusive results from the examination 

n disease, a systematic plan of procedure must 

be adopted and the circumstances and condition? 

iiitder which the secretion was passed precisely stated. 
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The neglect of these precautions renders many investi- 
gations valueless, whilst in some instiinces it Iea:dEi to 
erroneous conclusions being drawn. Aa is well known, 
the Bpecitic gravity, the i-eaction, and proportionate 
relationship o£ the diffet'ent constituents of the urine, 
even in health, vary considerably during different 
perioda of the day, whilst in disease such variations 
are still more considerable. It is evident, therefore, 
if we wish to arrive at a right conclusion as to the 
nature of the pathological condition with which we 
Lave to deal, oitr observations must be based upon an 
examination of the whole of the urine passed during a 
period of twenty-four hours. If that is not always 
possible, from at least two samples ; the one taken oit 
first rising in the moniing, the other two hours after 
the principal meal of the day. So definite eonelusion 
g/iould ever be drawmfrom Uie examination of a svngU 
sample of urine passed within twenty /loufj. In noting 
the character and qualities of uripe in disease the 
following scheme may advantageoualy be followed : 
(1) Stat« the circumstances under which the iirine 
was passed ; whether it represents the secretion of the 
twenty-four hours, or is only a specimen passed at 
some period during the day; if the latter, state the 
time when voided. (2) Eeeord the quantity presented 
for examination (if the twenty-four hours' urine has 
been collected, give the amount), the specific gravity 
and reaction, note also its colour and odour and 
degree of clearness. (3) Test for abnormal products, 
sugar, albumin, eto. (4) Collect deposit for chemical 
and microscopic examination. This procedure will 
give us an insight into the qualitative changes that 
occur from day to day in the character of urine during 
the progress of disease. To determine the quantitatiiM 
clianges in the amount of the urinary constituents two 
methods are employed : (1) Exact chemical detenaina- 
tioK, which cousista either in precipitating, collecting, 
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and then weighing the precipitated Kubstance (the 
"gravimetric method"); or by precipitating or other- 
"wise alt«rin<; the substance by means of a solution 
of a ret^nt of known strength, or ascertaining the 
quantity of the reagent required to effect a complet 
^angej thiaia tlie "volumetric method." (2) Approa 
mate estimation by some ready meonH and essalj^ 
applied clinical mefcfiod, such as calculating the amount"' 
of urinary solida from the Bpecifio gi'arity, or the 
quantity of sugar by the loaa of weight occasioned by 
fermentation with yeast, or by the degree of intensity of 
colour when compared with a standard of comparison. 
Approximate estimation, however useful, should never 
be entirely relied on. Exact cheuucal determinations 
should always be made from time to time. In all 
cases the calculation should be made from the urine 
passed in a period of twenty-four hours ; in this way 
we get the absolute an well as the relative amount of 
the substances passing out of the body during this 
period. 

106. Tariatjon in the nrinnry water and 
solids.— Speci He gi'avily. — The following table 
gives approximately the amount of the chief consti- i 
tuenta of the twenty-four houi-a' urine, in a child, | 
growing lad, and an adult. 

Ue&n Amoujit Ckie? Constiti:knts of NoRMAt. Hl-'«. 





5 years 














Water . 


460 CC 


™™ 


1,450 CO. 


Urea 


111 grins. 


18-7 erma. 


33-4 grms. 


Uric acid 








Alkaline ptosphatra 


0'9 „ 


1-6 „ 




Earthy phosphates . 
















Sulphates . . 


0-1 ., 


1-4 „ 


., 
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In calculating the amount of t-olids passed in 
disease, we must allow a. range of one-fourth of the 
me^n amount, above and below that amount. The 
quantity of urine passed in the twenty-four Iiours is, 
however, no measure of the amount of solid matter 
passing out of the body by the kidneys, since 30 
ounces of urine may contain as much solid matter as 
60 ounces. The amount of solid matter is therefore 
determined either by evaporating the urine and 
weighing the residue, or dse by taking the specifio 
gravity of the urine by means of a orinometer, 
and calculating the solids from the density. The 
former process is tedious, ami I'eqiiirBS an expen- 
diture of time which pi'echides its employment 
when examinations have to be made daily. For 
clinical purposes the solids may be calculated, when 
precautions are taken to ensure accuracy, from tlie 
specific gravity. The calculation is based on the 
fact that normal human urine of twenty-four hours 
contains 4 per cent, of solid matter, and that the 
specific gravity of that urine is registered at about 
1'020. By multiplying the two last figures of the 
specific gravity hy 2 we get 40 in every 1.000 parts, 
or exactly 4 per cent A thousaod grains, therefore, 
of urine, specific gravity rO20, contains 40 grains of 
BoUd matter; or, if French measures are employed, 
1000 cubic centimetres of the same specific gravity 
contain 40 grammes. As stated in the above table, the 
quantity of water passed in twenty-four hours is 1460 
centimetres, or 50 ounces ; then the quantity of 
solids as calculated from the specific gravity dischargeil 
in the same period will amount to 2 ounces, or G4 
grms. lu making calculations based on the specific 
gravity, it is important to note the temperature at 
the time the observntioii is made, since a differ- 
ence of 7° F. from llie temi«rature at which the 
luinometer was graduated represents a diiferenoo of 
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one degree. The oVistrvation of tlie epttcilic gmvifrf 4 
in consectiDQ with the amount of urine passed inl 
the twenty-four hours, afforcla in itself aa importMit -■ 
indication tks to the metamorphosee going a 

Under the terms hydruria, diabetes, polyuria, etc., 
autliora have described certain morbid conditions of 
the urine, characterised by excesfdve and peraiHtent 
discharge. Most authors apply either of the above 
terms indiSbrently, without reference to tho quantita* 
tive relationship that may exist between the urinary 
water and soiiila. The following classification will 
assist the memory : 

(1) Hydruria. — A copious discharge of aqueous 
urine. In these cases there may be a decrease in. the 
solid couBtituentB of the urine, but there is certainly 
no increase. Extreme instances of hydruria are met 
with in cases of " diabetes insipidus," in which the 
daily urinary flow may amount to 7,000 to 9,000 
cubic centimetres of a specific gravity of I "003. Aa a 
temporary condition it is frequently met with in 
hysterical females and persons of highly neurotic 
temperament. Associated with minute traces of 
albumin, it is a condition of urine met with in 
granular kidney ; the amount of diuresis, however, 
is not so extreme, nor is the specific gravity so low, as 
in typical instances of diabetes insipidus. 

(2) Polyv/fia. — An increase of wat«r with an in< J 
crease of urinary solids, dependent on increased tissutt I 
metabolism. In these cases all the urinaiy con- 
stituents seem to be increased. In this division 
we have those cases of increased elimination of urea 
t« which Front assigned the term " azoturia " ; and 
those cases which Dr. Teesier has described as 

" phosphatic diabetes," where the amount of phos- 
phoric acid excreted is enormously increased. "Azo- 
turia " and " phoBphatic diabotfls " . are probably allied 
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conditions, due to increased tissue metaljoliam taking 
place under nerrous disturbance. Both forma have 
been met with associated with the following con- 
ditiOTLs i (a^ Casea in which nervous Bymptoma 
are predommant ; (6) accompanying pulmonary con- 
sumption ; (c) casea which alternate or cio-exist 
witli saccharine diahet«a ; id) which rnn a distinct 
course, resembling saccharine diabetes, hnt without 

(3) Diabetes wwHiiiMr.— Inci-ease of tiie urinary 
■water, together with conatant (unless cliecked by diet) 
exci-etiou of glucose in excessive amounts. The 
oacasional appearance of sugar in urine is not to he 
taken as an indication of true diabetes mellitus, but as 
due to temporary functional disturbance of the liver, 
though it must not be overlooked that temporary 
"glucosuria" is often precursory of the more serious 
disease. In cases of diabetes mellituH the relation- 
ship between the amount of urine excreted and the 
urinary solids are very various. In typical cases the 
relationship is pretty constant ; whilst the water 
is considerably increased there is superabundance of 
sugar, and the urea, probably owing to increase of 
nitrogenous diet, is considerably in excess. In a 
second class of coaps we lind a considerable increase 
in the amount of urine, the sugar moderate in quan- 
tity, the urea not much increased, in some cases 
even below the iiormal, and the urine frequently 
albuminous. In a third group of cases the urinary 
water is only moderately increui*d, the sugar rarely 
exceeding 2^ per cent,, whilst the urea is generally 
considerably in excess, more than con be accounted 
for by increase of nitrogen ingested. No satisfactory 
esplajiation has been offered to account for these 
variations, the latter, as the least frequency observed, 
is probably an early stage of the former ; the marked 
increase of the urea excreted, aa compared to the 
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modemte amount of sugar generally noticeable, pointail 
to increased tissue metabolism, ^ese cases, after An 
comparaiiyely mild course, often suddenly developj 
into acute diubetes, and run a rapid course, eudiug ii 
diabetic coua. 

£aruria. — Tie urinary water is not increased, a 
ren be diminiahed, but the urinary solids are in exce 
From the concentrated urine, urates ai'e frequentljl 
deposited. Dr. Fuller was the first to apply the termfl 
barurift (Sepiit, heavy) to this class of urines, which ha^ 
UBSociated witli certain forms of dysjiepsia {^Med.-Ckvri I 
JVoiiM., vol. li,). It is a condition of urine found iiLV 
a cUss of cases described by Murchiaon as due tof 
lithiemia. 

AttazottiTut. — This term was originally ajjplied l>yi 
"Willis to a class of cases in which there was a, copiouaiV 
discharge of pullid unne, with marked deficiency o(>f 
urea. These cases, however, should be referred, I'l 
think, to the class hydruria. The term anazoturia is I 
better applied to the casee described by Dr. Andrew^ 
Olarke aa due to " renal inadequacy." In these therg ■ 
is no marked iacrease in the amount of urine passed, 
hut a notable deficiency in the amount of urea 
excreted. As it is still uncertain whether this con- 
dition depends on inadequacy of the renal functions, 
or on deficient metamorphosis of tissue generally ; 
teitn which defines the actual condition of the mine, ' 
rather than one which commits us to an hypothesis, ia I 
for the present decidedly the safest. 

107. Renctlon. — ^Within a period of twenty- 1 
four hours the reaction of healthy urine will be found J 
to vary considerably. Thus before meals it will havBiJ 
a high range of acidity, whilst after food it will hecomtf" 
nearly neutral, or even sometimes alkaline. This 
depression of acidity, which has been called the alka- 
line tide, has been accounted for by Dr. Bence Jones, 
by the fact that at the moment of its occurrence, 
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acid IB being drawn from the circulation to supply 
tbe gastric juice. Dr. Roberts, of Manchester, how- 
ever, regards the depression eib due to the iutro- 
duetion of newly-digested food into the blood, which 
nupplies it with »lkaline bases. Although both ex- 
planations are bnsed upon actual observation, yet aa 
the acidity of the urine can >ie depi-essed, and eveii 
rendered alkaline, by other circuiD stances besides those 
attendant on digestion, as the mere act of rising in the 
morning before breakfast is taken, or the cold douche, 
or sweating in the vapour bath, some other explanation 
must be ofTered to explain the depression in these 
cases. And this, I think,* is to be fouud in tbe fact 
that there is another channel by which acid is with- 
drawn from the blood beside the gastric secretion, and 
that is by the lungs. In the explanations hitherto 
advanced to account for the phenomenon of the 
alkaline tide in the urine, this fact has not received 
attention. Dr. Edward Smith, in hia researehea -'On 
tbe Eliniination of Carbonic Acid," has shown con- 
clusively that tlie exbuJatioD of carbonic acid by the 
lungs is increased by food and diminished by Easting, 
and that the amount exhaled during sleep is consider- 
ably less than is set free in the waking state. It 
therefore happens that the time when most carbonio 
acid is being exhaled corresponds with the time when 
observers have noticed a decided diminution in the 
acidity of the urine, whilst the circnmstances that 
diminish tlie exhithitiou of carbonic acid (numely, 
sleep and fasting), are attended by a rise in the acidity 
of Uie urinary secretion. 

The ncid reaction of the urine is chiedy, if not 
entirely, due to the presence of acid sodium phos- 
phate, and occasionally vo an excess of ncid salts of 
hippuric and uric acids. It Ls only recejilly that an 
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explanation has been offered to account for the 
e<>6iniQg pamdox of the Beparatioa of an add secretion 
like urine from alkuliue blood. In 1374 I pointed 
out* that it might be the result of the deoompoBition 
hetween the neuti-ol sudium phos|>hate and neid sodium 
carlxinate (bicarbonate), both of which exist in the 
blood, resulting in the formation of acid sodium 
phosphate, and nonnal sodium carbonate. The former 
diffuses out thrrnigh the renal parenchyma, whilst the 
latter remaina in the blood (g 93). Maly, how- 
ever, believes that acid sodium phosphate exists in a 
free state in the blood, and he has shown that if a 
mixture of neutral sodium phosphate and acid sodium 
jiliosphate be placed together in a dialyaer, the acid 
salt passes into the surrounding distilled water. 
Maly's explanation has the merit of simplicity, but 
it does not wholly account for many of the phenomena 
connected with the variations in the reaction of the 
urine. If, on the other hand, the view that the acidity 
of the urine is caused by the reaotion between acid 
sodium carbonate and neutral sodium phosphate he 
accepted, it will explain another paradox which hus 
been observed by Bence Jones, Beneke, Parkea, and 
myself, to occur after the administration of the 
blcarbonates (acid carbonates) of ammonia, potash, and 
soda, under certain conditions, viz, causing of an in- 
creased acidity of the urine. The free acidity of the 
urine is reckoned as oxalie acid, and in the healthy 
state the total acidity of the twenty-four hours' urine 
is equal to a degree of acidity represented by from 1 ■fi 
grms. to 2 grms. of oxalic acid. 

After it has been passed, the urine, if originally 
acid, increases its degree of acidity owing to the 
acid fermentation of the pigment and extractive 
matters ; the highest degree of this acid fermentation 
is reached about the third day. The urine then 
• Zonot, Jnlr 21^ 1S74. 
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gradually becomes alkaline fixim the ureal decompo- 
sition. 

In disease the acidity of the ■urine may become 
persistently highly acid or persistently alkaline (fixed 
or volatile), or there may be fluctuations, a high degree 
of acidity alternating with a neutral or alkaline con' 
dition. The variations in the reaction of the urine 
in disease will therefore be considered under three 
heads, 

(1) HigMy acid urine. — Urine may become more 
acid, relatively, owing to concentration of the urine. 
Thus, in hot weather, owing to the increased action ol 
the skin, the amount of urinar}' water is lessened and 
the urine becomes denser. Similarly in pyrexia, 
especially if attended with profuse sw(aitiiig, as in 
rheumatic fever and in diairhtea. In diabetes mellitua 
the acidity of the urine is considerably increased ; 
when freshly passed it has a degree of acidity con- 
siderably above the average, and becomes mors acid 
after being kept some hours, owing to lactic and acetic 
acid fermentation which takes place. In acid dyspepsia, 
so called on account of its supposed association with 
hypersecretion of acid gastric juice, the urine is at 
times highly acid, alternately, however, with urine 
that is neutral or even alkaline. This variability in 
the reaction of the urine is frequently to be met with 
in children, in whom irregular secretion of the gastric 
juice is very readily excited. The degree of addity 
is determined by neutralising 100 oo. of urine with 
a solution of sodium hydrate, standardised so that 
1 cc. = '01 gnn. of oxalic acid. The number of oc's of 
the standard solution employed to eff'sct neutralisation, 
multipUed by -01 gives the degree of aeidity in 100 cc. 
of urine, and from this the total acidity of the twenty- 
four hours' urine can be calculated. 

(2) Urine alkaline from Jisced alkali —This con- 
dition is due either to excess of the alkaline carbonates 
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of soda and potash, or the alkaline phosphates ; often to 
an excess of both, (a) Excess of »lka,line carbonates : 
The urine effervesces on the addition of stiong acids ; 
it is generally turbid from precipitation of the earthy 
phosphates, though these are not necessarily excreted 
in excess. Indeed, in many cases I haTe found them 
dimlDished ; on the other hand, the urine may contain 
an excess of nric acid. This condition of urine may 
arise, (l)froin genenil debility and the feebleness wit li 
which the respiratory act is performed, leading to the 
accumulation of carbonic acid in the system. With 
regard to this point, it is interesting to note that 
urine alkaline, from the presence of carbonates of 
the fixed alkalies, is frequently met with in patients 
convalescing from acute diseases. (2) Diminished 
secretion of bile, which is the frequent result of tlie 
duodenal catarrh produced by the irritation of the acid 
contents of the stomach being poured into the intestines, 
gives rise to an accumulatitm of alkaline carbonates in 
the blood, the bile being the chief secretion by which 
alkaline salts are removed from the hody ; for though 
a portion of them are undoubtedly reabsorbed into the 
blood from the intestines, a considerable proportion 
of thcni are discharged with the fieces. Obstruction, 
therefore, to the discharge of bile leads to their retention 
in the blood, and consetjuently being eliminated in 
greater quantity by the kidney. (3) The acids formed 
by fermentative ehanges being of the fatty aicid series, 
these, on entering the system, are oxydised into carbonic 
acid, and this uniting with the bases of the alkaline 
oxides, forma carbonates of these bodies, and by increas- 
ing tlie alkalescence of the blood will diminish the 
natural acidity of tlie urine and even render it alkaline. 
The dyspepsia genertiliy associated with this form of 
alkaline urine is attended with great depi'csaion of 
spirits, the bowels are constipated, flatulence is a pro- 
minent symptom, the skin is ballow and dry, and tlie 
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functions of the liver evidently deranged. Tlio urioe, 
after remaining alkaline for some days, depositing 
oxalates and phosphates, often becomea suddenly acid, 
and deposits lai^e quantities of uiic acid. 

{b) Excess of alk&line phosphates of soda and 
potash : Little ia known regarding the pathological 
significajice of urine alkaline from this cause. It is, 
however, frequently met with in neurotic individutils. 
In tte majority of cases the earthy phMphates are in- 
creased as well as the alkaline carbonates. Excessive 
elimination of the alkaline phosphates has been noticed 
in cases of scute inflammation of the membranes of 
the brain, in the acute paroxysms of certain forma of 
mania, after injuries to the head, and in certain obscure 
spinal affections, probably fimctional in charairter. 
The urine, in these cases, ia generally increased in 
quantity ; on passing from the bladder the first portion 
may be clear and the remainder thick. Sometimes a 
small quantity, conaiating almost entirely of amorphous 
phosphate of lime, may be passed wilJk considerable 
straining and feeling of irritation immediately after 
the fiow. Urine alkaline, from either excess of fdkalim^ 
carbonates or phosphates, must not be confounded with 
true phosphaturia when there ia an excessive excretion 
of earthy phosphates. In simply alkaline urines thei-e 
may be a, deposit of earthy phosphates, though there 
need not necessarily be an excess. In phosphaturia, 
even with considerable excess of calcium phosphate, 
there is no deposit, and the iirine is often aciil 
(§ 113). The degree of alkalescence is determined 
hy neutralising 100 cc. of the urine by a solution 
of oxalic acid, standardised so that 1 cc = Ol grm. 
of sodium hydi-ate ; the number of oc's of the 
standard solution employed to efiect neutralisation 
multiplied by "01 gives the degree of alkalescence in 
100 parts; and from this the total alkalinity of the 
twenty-four hours' urine can be calculated. 
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(3) Urine aJknUne from volatile alkali (\ 
carbonate).^ This condition is induced by disease 
of tlie genito-urinary organs, since experimenta on 
healtbj animals Ehow that tLe urine does not become 
ammoniaoal by prolonged retention in the bladder, so 
long aa that organ does not become inflitmed, and also 
tbat the introduction of the "ammoniacal ferment" 
into the bladder of animals will not cause decoinpoai- 
tioit of urea ho long as the mucous membrane remains 
healthy. Feltz and Eitter, from observations made 
on seventy -eight persons suffering from different 
diaeasea, came to the conclusion that the urine does 
not become ammoniacal unless received into dirty 
vessels, or mixed with products of the decomposition 
from the mucous surfaces of the genito-iirinaiy appa- 
ratus. In one of their cases a patient was taking 0'2 
gramme of bichloride of mercury daily, and the urine 
was analysed every day ; the acidity fell on the ninth 
day to 02 gramme, on the tenth day it was neutral, 
on the eleventh day it was alkaline and ammoniacal. 
This change in the reaction coincided with the appear- 
ance of a trace of albumin in the urine, which was 
torbid, and contained flakes of epithelium and leuco- 
cytes. In some cases of scarlet fever I have noticed 
that when albumin appeared in the urine the reaction 
frequently became alkaline, and ciyatala of ammonio- 
magnesium phosphates were deposited. Dr. Owen 
Reea baa advanced a theory thai it is by no means 
necessary for ammoniacal urine to depend on decom- 
position of the urea ; he maintains it can be formed by 
the secretion of the raucous membrane, which owes 
its alkalinity to fixed alkali, and which, mixed or 
mingled with the urine, unites with the acids of the 
ammoniacal salts and thus liberates the ammonia. In 
answer to this view it is sufficient to state that the 
existence of ammoniacal salts in tlie urine, except aa 
the result of the decomposition of urea, hau been 
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dcuied by most clieiniata, iind that if Dr. Owen Eees' 
view were correct, amuioiiiacal urine would be luorf! 
frequent than it is, since whenever the inucouH 
secretion of the urinury pas-nages whn increased tlie 
urine would beconie ammoniacal. Clinical expo- 
rience teaches us that tliis is not the case. At die 
same time, them can be no douht that the presence 
of fixed alkali in urine greatly favours ureal dtcoiii- 
position, and the process is induced more rapidly. 
Whenever the urine becomes ammoniacal, crystals 
of aramonio-magnesium jiIiosphateB are formed, which 
either pass away as fijavel or are retained as a calcu- 
lous deposit. We distinguish between the reaction 
due to fixed alkali and tliat of volatile alkali by the 
fact that with the former the blue colour given to 
red litmus does n<it disappear on drying, whilst with 
the alkalescence dne to ammonia the blue tint ia 
evanescent 

108. Colour, — 'riie nature of the pigment that 
imparts the colour to the urine hna been the subject of 
much discussion. SpectroGca|nc analysis has recently 
thrown fresh tight on the subject, MacMuun has 
shown that human urine always gives an absorption 
band at f in the same manner as choUUlin, the pig- 
ment obtained by JaSe from bile. He thinks all 
the colouring matters of the bile are produced from 
hreraatiu by reduction, due to the action of the bile 
aoida on hiemogloliin. All the colouring matter of 
the bile, including htematin, urobilin of biliary origin, 
bilirubin, etc., are oxydised to elialelelia, and there is 
evidence to show that blood serum contains this body 
on its way to bo excreted by the kidneys. The uro- 
bilin of the bile is produced in the intestiuf, and may, 
in certain conditions of the system, appear ns such in 
the urine, but under normal conditions is oxydised intn 
eholetelin, wliitdi must be considered one of the chief 
urinary pigments. Most of the urinury pigments may 
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thus be traced back to iirobiiin of biliaj^ origin; but 
there is also evidence to show tliat some of them are 
derived from Inematiii directly, and that pigments 
ileriveil from that source may occasionally entirelj- 
I'eplace the normal pigment Tht' Bpectroscopio char- 
acters of the pigment differ. In febrile urine the black 
liund in v \s sharp, in normal urine it is lees marked 
at tlie edges and leaa ahadod. Tlie band is well seen 
in alcoholic solutions, and is destroyed by the action 
of caustic alkalies. In addition to the pigment above 
described as related to urobilin and convertible into 
it, most urines contain a pigment allied to, if not 
identical with, indicau, and which is commonly known 
as uroxanbhin. llie source of this body is probably 
from indol formed by the decomposition of proteid 
Mibstances by pancreatic digestion, since indican is 
found in the uiine of animals after the subcutaneous 
injection of indol, and also after li^tui-n of the small 
intestines (§ 76). In many ditieases the amount 
that appears in the uHue is considerably increased, 
as in diabetes, dysentery, the reaction stage of 
cholera, in obstruction, and other affections of the 
intestines. Urines containing this substance, when 
lieated with sti"oiig acids, give rise to blue, greenish, 
and red pigments (the blue and green urines some- 
times met with in disease may thus be referred to 
indican in diffei-eut states of osydation); these some- 
times occur spontaneously in urine. Urines con- 
taining much indican are invariably highly aeid (and 
this acidity increases on keeping), and they generaUy 
deposit a considerable amount of uric neid, and 
partially decompose a solution of sulphate of copper. 
Whether this reduction is due to the presence of uric 
acid in excess, or to the fact that indican is a g!u- 
coside, and yields on decomposition a molecule of 
glucose, is not detei-mined. Melamn, a black pigment, 
occurs pathologically in the urine in jiatieuts suffw;' 
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from melanotic tumours; it is sometimes found in the 
mine of persons suffering from ague. It is soluble in 
caustic potash, and can then be decolorised by passing 
chlorine through tlie solution. The colour of the 
twenty-fonr hours' urine ia light amber, the urina 
Btraguinis and urina cibi a golden amber, the nrina 
potu a pale straw colour. It must not be forgotten 
that many articles of diet and medicine impart a 
colour to the urine. The pi-esence of blood, bile, 
albumin, fiugar, chiinge the colour of the uriue. 
These alterations will be considered under their 
respective heads, 

109. Odour. — Normal urine has an odour eai 
getf-Vii. It is described as aromatic. Alkaline urine 
evolves an aiumoniacal odour when its alkalinity is 
due to volatile alkah ; a faint mawkish smell, like that 
of horses' urine, when alkaline from fixed alkali. 
Diabetic urine is said to exhale a whey-like fragranca 
Urine containing cyatin at first smella like sweet- 
briar, but speedily becomes horribly offensive. In 
certain forms of dyspepsia the urine has a sickly 
jjenetrating odour. Medicines and cei'tain articles of 
food often impart a peculiar odour to urine, as tur- 
pentine, the h^grance of violets, and asparagus, a 
peculiarly rank foxy odour. 

110. Urea OH,NsO.— About one ounce of thia 
body, or, if we calculate in French measures, about 
33 grammes of thia substance, are passed out of 
the body in the urine in the course of twenty-four 
hours. We have already stated (§ 79) that urea is 
isomeric with ammonium cynnate. With regard to this, 
attention has been called to the fact that urea is a much 
more stable body than ammonium cyanate, and that 
in the transformation of the latter into the former, 
energy ia set free. Thus, ammonium cyanate is the 
type of living, and urea of efl'ete, nitrogen, and the 
conversion of the former into the latter is the image 
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of the essential change wliich t^ea place when a Kviiig 
proteid dlea. It is probable, moreover, that cyanogen 
compounds precede the formation of urea, and act 
with great molecular energy tiJl they pass into the 
more stable but effete form of urea, when they are 
cast out of the body. Urea thus repreaenta the ulti- 
mate product of ^e mebLbolwai of the nitrogenous 
constituents of the food and tissues. In health, the 
nmoiint excreted ia proportionate to this metabolism ; 
in disease, however, no such relationship is mainlined. 
The amount ia increased m all acute diseases, and is 
especially marked during pyrexia! exacerbations. In 
typhus fever the excretion is highest during the first 
week, the excretion then being often double that of 
the fourth week, although the patient during the first 
stage is on low diet, and during the latter period on 
meat diet. In relapsing fever the urea ia increased 
during the paroxysms, and diminished during the in- 
terval. In enteric fever, urea ia excreted in the largest 
amounts during the first week of the disease, it then 
gradually diminishes. Still the quantity continues in 
excess of the normal standard as long as the fever 
lasts ; the amount excreted daily during the disease is 
not influenced by the amount of diarrhcea. In erup- 
tive fevers as measles, small-poi, and scarlet fever, 
urea is increased in amount during the first four days. 
If, in the latter disease, kidney complication sets in, 
a sudden fall takes place. In intermittent fevers, 
the urea of the twenty-four hours is not markedly 
increased, hut during a paroxysm, and just before it, 
there is a decided increase, followed by a decrease. 
The reason of the inci-ease of urea accompanying or 
preceding a rise of temperature, has been given (§ 7). 
As the liver ia the organ in which metabolic changes 
leading to the formation of urea are the most active, 
though it has now been shown most conclusively that 
urea is also pi'oduced largely &om the leucia, the result 
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ofpitncreabicdigeKtiuu, and from the kreatin in muRclsa, 
dieeaae or disturbance oi functioDB of tluit organ 
especially aflFect tlie excretioa. In acnte yellow fttrojihy 
the urea is slightly increased at first, during the hyper- 
eemic atage, but rapidly decreases as the disease ad- 
vances, and when the liver cells are deatroyetl, nearly 
all ti-ace may disappear from the urine, its place being 
tiiken by uric iicid, leucin, aod tyrosin, and some ill- 
defined albuminoid bodies resembling peptones. In 
hepatic abscess and in cancer of liver a notable diminu- 
tion is observabla In diseases of tlie kidney, in both 
acute and chronic forms of nepliritis, the excretion 
of urea is lessened ; although uo relationship exists 
l>etween the discharge of albumin and excretion of urea, 
Htill a more favourable ]>rognoaiB may be expressed 
when the urea does not progressively diminirfu In 
the albuminuria of pregnant women the amount 
of urea in the urine is only sliffhtly diminislied. 
In a case of Dr. Maxwell's, of Woolwich, I found 
urea in the twenty four hours' nrine to the amount 
.if 27 grammes, a little below the norma!. In a 
case of Dr. John "Williams', io the urine of twelve 
hours immediately preceding venesection the urea 
was H-26 grammes, and the albumin was 4'9 
grammes ; in the twelve hours' urine immediately 
Rucceeding venesection, L found urea 19-6 grammes, and 
tlie albumin 2*6 gramraea. Bleeding, therefore, bad 
little effect on the excretion of the urea, which in both 
periods was only little lielow the normal, but it mate- 
rially reduced Uie amount of albumin. In diabetes, 
urea is always largely in excess, in measure due no 
doubt to the increased quantity of animal food oon- 
Btimed ; still this does not altogether explain the whole 
of the increaaa A sudden fall in the excretion is an 
unfavourable sign, as it often is a prelude to diabetic 
coma, in which state Irotli urea and sui^ar are excreted 
ill lessened quantities ; the fall in the urea usually 
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precBciea tliut of the Eaigar. In nterine di 
temporary excess of hfch in the urine is to be met 
with. It is said to be inireaaetJ both before and after, 
but diminished during, tlie menRtriiul period. Iti tlie 
jieriodic Jaundice reciiixing at the menstrual periods 
{icterus Jnenstratdig) urea is increased. In phtliisia 
the excretiim of urea corresponds with the 
pyrexia. EApidly growing cancer cauaes a 
diminution, a fall from 29-.5 grammes to as 
low as 6-9 has iieen recorded. In certain 
constitntional states urea is also diminished, 
j as in patients Buffering from anaimia,hydriBmia, 
ciironic alcoholism, and syphilitic cachexia. 
Under the term " renal inadequacy," Dr. 
Andrew Clarke hsis described condition in which only 
a Tery small quantity of nrea is continuously pnased, 
although there is no i-ecognisiible disease present. 
These casea improve on a carefully regu- _j- 

Iat«d dietary. As a convei'se to these are j^^^. 
cases wliich habitually excrete an enormous ^^KM'^ 
amount of urea, together with the other ^^^S'^ 
urinary constituents. Dr. I'rout termed ^^ 
this condition aaoturia, though it may a^^ or 
more a]ipropriately he termed polyuria ; it Vts^ 
often precludes phthisis, or may be an 
antecedent condition of diabetes mellitee. (For 
qualitative tests for iirea, see § 7.) For clinical 
purposes urea is often roughly estimated by the 
])recipitation of niti'ate of urea, by adding an equal 
volume of strong nitric acid to the urine ; if nitrate 
of urea is thrown down without concentration of the 
urine, then it is said to be in excess, if concentrated 
to half its bulk, about normal ; if further concen- 
tration ifi required, then less than normal. It 
to point out the fallacy of this method, si 
the quantity of urine passed and the specific gravity 
are likewise no^d, urines containing absolutely 
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considerable quantity of urea may be piisaed by tLe 
^latient in a very dilute form, whilst othera, nontainiinf 
oiilyau ordinary quantity, niuy be voided in a concen- 
trated state, and give the reaction, and thus mislead 
tlie physician. For accunite determination, recourse 
must be had to volumetric analyais: (a) Liebiij'a mei/iod. 
i'or this purpose 40 cc. ol" uriiie are taken, and freed 
from albumin if present by heat and filtration, and 
mixed with exactly the same quantity of a solution of 
barium hydrate (2 volumes) with barium nitrate (1 
volume); tids precipitates the phosphates and sulphates; 
a few drops of solution of nitrate of silver are then 
added, which precipitates the chlorides. Set aside till 
the precipitate has collected at the bottom of the 
beaker, then filter, and of the clear filtered solution 
take 20 cc,, reserving the remainder in case of acci- 
dent. This of course represents 10 cc. of urine. Now 
mo into this solution, from a burette, 10 cc. of stan- 
dardised Bohition of mercuric nitrate, stir the mixture 
well, withdraw a drop on a glass rod, and let it fall on 
a drop of sodium carbonate solution placed on a white 
plate or on a flat porcelain dish. If a yellow stain 
occurs the process must be repeated with the reserve 
stock ; but tJiis is unlikely, unless the urea is very 
inconsiderable indeed. Jf there is no stain, add 5 cc 
more, and then test again ; if no reaction occurs, repeat 
the process more cautiously, adding 1 cc at a time till 
a fellow stain, due to the formation of hydrat«d oxide 
of mercury, ix at last produced. Now as each 1 cc 
of the standard solution of mercuric nitrate is equi- 
valent to '01 gramme of urea, the number of cc.'s 
employed to produce the yellow stain indicates the 
number of grms, pi'csent in 10 cc. of nrine, from 
which the amount in the twenty-four hours' urine can 
readily be deduced. (6) Rugaell and Wests metltod 
is baaed on the fact that hypobromous acid decomposes 
I into water, carbonio acid, or nitrogeit. The 
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latter gas is collected alone in a graduated tube, wliit^ 
is standardised so that c-acli measure repveaents onl 
gramme of urea in 100 cc. of urine. In employing 
this test for the determination of urea in diabetia 
ui-ines, it must be remembered that grape sugar in- 
creases the quantity of nitrogen evolved from urea by 
sodium hypobromite by quite seven per cent. The 
deficiency of nitrogen yielded with pure solution < '" 
urea, under the hyperbromite test, is about eight p 
cent., the addition of glucose, therefore, brings it b 
to the theoretic yield. This is of little importancB'l 
unless the analyses are made for purpose of comparison 
of diabetic with non-saccharine urine. In making a 
aeries of observations, care must be taken always to 
secure the same temperature, as a slight decrease a 
increase makes a considerable difference in 
volume. From non-attention to this important j 
ticiilar, many discordant results iiave been obtained 
After considerable experience I have come to the 
elusion that Liebig's method is not only the i 
reliable, but after a little experience quite as readil/l 
performed as the other, 

111. ITric acid CjH^N.Os.— Was discovered 1_ 
Scheele in 1776, and was at first thought to be aolelw 
a constituent of urinary calculi, hence the termi 
liUiic acid usually applied to it. In 1797, Woollaston ' 
showed that gouty tophi were composed of sodium 
urate; whilst, in I8i8, Dr. Garrod brought forward 
the fact that in true gout an excess of uric acid exists 
in the blood prior to and at the period of the attack. 

Prom the circumstance that uric acid is a di-ureide, 
that is, by oxydation a molecule of uric acid can be 
split up into a molecule of a non-nitrogenous acid and 
two molecules of urea, it has been assumed that wbeu 
the process of oxydation is imperfectly performed 
within the body uric acid will be found in excess in 
tite blood ; and this assumption has been further 
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Bti-eiigtliened liy tlio suppositioii that iiric acul is one 
of the Bulmtanoes through which each particle of 
albuiahi iiasBfiH before it is tluown out of the body, 
Thia view has for inaiiy ytam completely dominated 
miliary pathology. Now, however, ainuo it has been 
shown that uric ncid is not a neoeHoary antecedent 
of ui%a, which is largely formed from kroatin in 
muscle, luid leucin atid other hodios in the aliiueotary 
canal, the view has gained ground that uric acid in 
the human body in health is only formed in minute 
quantities, and that evi>n in disease it Sa not formed in 
anything like the amount formerly supposed, and that 
when it is deposited fi-om the urine or in the tissues, 
the fact of the oceurrente of such dapoBit may be 
genemlly reftrred U> its insolubility rather than 
excessive production in the system. It is now taught 
that while uric acid is met with in small quantities in 
the Urge glands like th<i splt«n, liver,. ct«., in health 
it i>i never fninid in thm blood ; so that uric acid is 
pr()liably oxydised as soon as forrowl, and that the 
KUinll quantity found in normal urine, only O'fi 
gramme, or about 7 gniina, a whole day's excretion, 
is not derived from the blood, but from the kidney, 
which, JTiHtead of bt'ing oxydised, as is the caee with 
othfr organs, passes awfty with tlie secreted urine. In 
many diseiises attended with oonsidemble tissue 
metamorphosis, tlie amount of uric acid formed in the 
lai^e oi'gans is increased, and a i>ortiou not conipletely 
>xydised passes into the hlood, and from thence into 
,he urine, though even then the amount is never 
large, rarely exceeding 1 -3 grammes in the twenty-four 
lioura as an outside average ; in these oases there is, as 
well, generally an increase in tlie amount of urea bk- 
orot«d. In gout there may be an increased production, 
but most likely, as Dr. Oarrod suggests, it is due rather 
tuanaooumulalion in the hlood, caused by a resorption 
« the uric aoid f onimd iii the kidney not 1 

— ^ 
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'with the urine, but taken up by the blood nnd carri<^ 
the round of the ciroulatioti in <K)mbina.tion with soda, 
and depoiiited in the leiist va.5cular ports, the caiiiiages 
of the joiats, the cttrtiiagen of the ear, the straight 
tubulee of the kidney, etc., as Hodium urate. Uric 
acid ie the most insoluble of all the Bubstances formed 
in the body, requii'ing 15,000 parts of water fur 
solutiou, whilst urea is soluble iu its own weight. It 
is, therefore, fortunate that those animals whose 
urinary apjwratUB is not adapted for carrying off solid 
or semi-solid urine like birdii and rejitiles, that soluble 
Urea replaees the insoluble uric acid, otherwise 
calculous disease would be infinitely more common 
t^an it is. Owing to this insolubility, whenever the 
amount of water in the urine required to keep uric acid 
and its salts in solution falls below a certain point, 
then uric acid or \ta salts are deposited. In a<iid ooii- 
ditiona of the urine, uric acid and its snita, unless 
heated, aro almost altogether insoluble, so that when 
the natural acidity of the urine is at all heightened, 
they are at once deposited. The following summary 
gives the chief conditions which lead to a deposit of 
uric acid in the urine, or its excessive elimination 
from the body. 

{a) Deposits of UI1C acid or urates, not, however, 
necessarily eliminated in excessive quantities. 

(1) Abeoliite increaBB in the acidity of the wrine. — ■ 
The occasional deposit of unites observed in wintur 
arises from this cause. The action, of the skin beinif 
checked, the acidity of the nrine increases during cold 
weather. Similarly in many extensive cutaneous 
diseases, such as eczema and psoriasis, uric acid 
deposits are of frequent occuirence ; also in forms of 
dyspepsia associated with irregular secretion of gasti ic 
juice. 

(2) Relative increuee in. t/te aciility of t/ie «f("i«-— 
The deposits of urates frequeatVj ■(yA\(KA. iMSWiife "sJo* 
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I- montha originate in thia way ; the cutaneous 

transpiration being increased in hot weather, the urine 

IB more conuintrated. Similarly in pyreicia, especially 

rheumatic fever, and in diar- 

rhoja. Uric acid depoaita 

■y^j^^'^c^ alternating with augar are 

Q ^ ^ Xti^ ^ often caused in this way ; 

^^ ^^^£^> rri since as the sugai- diBappeaw 

^^ i'"^^^'^^^--! ^D urination is not so profuse, 

^V"^rtE*r-^\ niifi a relative jiK^rnB.HP in 
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curs. This relative i 
Fig, B.— Fonua of Uric AcW. may not Only be caused by a 
diminution of the water ex- 
creted, but from deficiency of the alkaline pLospliatas ; 
this condition is frequently met with in the urines of 
ill-nourished or strumous children. 

(b) TTi-ic acid eliminated in excess, but not neces- 
sarily deposited from the urina 

{1) Uric acid in eaxese vmtally attended with a 
diminulion of tite other wnna/ry eongtitvsnta (true 
Utheemia.) — Chiefly in diseases of the liver, such as 
acute yellow atrophy, cirrhosis, and cancer. In 
diseases of the spleen, leucocythremia. In scurvy an 
excess of uric acid is generaUy observed, with a dimi- 
nution of urea and the alkaline phosphates. 

(3) Uric acid i^ eaxess atte/ided with an increase 
of the ol/ier wriTuvry coriMtitvente.—ln functional 
derangements of the liver, especially those brought 
about by disturliance of the "nitrogenous equilibrium" 
by the ingestion of too much animal food. As a 
condition antecedent to the development of phthisis 
or cancer, and sometimes of diabetes, or ]>receding the 
outbreak of such constitutional conditions as sypliiiis, 
scrofula, and of gout in its early attacks. 

Uric acid when deposited from the urine in a free 
state reaeaiblee grains of cayenne pepnper, and presentH 
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They are thrown down as 
amidst the small granules a 
depicted (Fig. 7). Both 
) freely soluble in alknlii 



chiefly those of soda 
is sometimes present. 
i granular deposit, but 
a aemi-crystalUne bodies 
trie acid and its salts 
solutions ; this i 
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important point to remember, not only 
an regards treatment, but : 
their detection in the urine, since their 
crystals are frequently modified in 
shape, mny be mistaken for other 
urinary de[)0sit^ ; the fact of their 
di&solving in liquor jiotiLSSie at ■ 
identifies them. Uric acid and urates aodliim ( " I i 
yield a magnificent purple when iieated monia i},). 
■with nitric acid, and the dry residue 
is touched wUh ammonia (§ U). When a con- 
centrated solution of urates is treated with strong 
nitric acid, the uric acid is libei-ated in an amorphous 
form, in which it is more soluble than in its crystaUine 
state ; on standing it slowly recombines with the 
sodium salts in the urine, and is deposited as urate of 
sodium. The peculiar bulky gelatinous preci[)itate, 
soluble when heated, some concentrated urines give 
when tested with nitric acid for albumin, is due to the 
uric acid being liberated in this amorphous form. 

Uric aeid is determined quantitatively by precipi- 
tating the uric acid from the urine, and by collecting 
and weighing the crystals. For this purpose place 1 00 
cubic centimetres of filtered urine (having previously 
dissolved any deposited urates by heating) in a glass 
vessel, and add 10 cubic centimetres of strong hydro- 
chloric acid; set aside in a cool dark place for twenty- 
four honrs. Thencarefullycollect crystals, and transfer 
them to a watch-glass, wash tivo\on^\'^ -«r"SXv S&**> 
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liydt'ocUioric acid, and then transfer them to a 
weighed filter. D17 in hot-air bath and weigh. Tlip 
increase in weight ovei' that of the filter will givo 
the amount of uiic acid in 100 cubic centimetres of 

If the mine is of low specific gravity, below 1-015, 
it should be concentrated to one-third its bulk, if 
below 1-010 to one-half. 

112. Oxalate of lime CaC,0.-— An extremdy 
Bmall quantity of oxalic acid is met with in all 
urines, chiefly in combination with ammonia and soda, 
forming tioluble salts. In several morbid states of the 
system, however, oxalic acid appears in the urine as 
oxalate of lime, in which ease it either comes away as 
a line crystaUine deposit, or else is retained in the 
urinary passages to lay the foundation of a calculus 
(mulberry calculus). Few suhjects in uiiniiry patho- 
logy have excited keener controversy than that 
relating to the causes tending to produce deposits of 
oxalate of lime crystals in urine. The view has been 
generally held tWt oxalate of lime in urine wan 
simply derived from the decomposition of uric acid 
after it had been passed, and that the presence of 
oxalate of lime in the urine meant nothing more thou 
increased excretion of uric acid. This view was based 
on the assumption that oxalic acid represented the 
imperfect oxydation of uric acid. It will be seen, 
however, from the following tabic, that so far from 
oxalic acid being a product of imperfect oxydation of 
uric acid, it is only obtainable by oxydation being 
carried to its ultimate stage : thus 

Uric Mirt. Alloaui. U«>i. 

CjH.N.O, + H,0+0 = C,H,N,0, + CH,N,0 

AUoiai!. MoM.iaUc n-id. Uran. 

DJ1^,0, -(■ 3H,0 = C,H,0, + CH.N,Oj 
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and meaoxttlio acid by further ojcjdation jielda carbonic 
acid and oialic acid. It is, tberef'ore, manifestly in- 
coiTPct to speak, aa moat writers on urinary pathology 
have done, of oxalic acid as the imperfectly oxydised 
product of uric acid ; on the contrary, oxalic acid is 
only obtained from uric acid by oxydation being carried 
to ita ultimate stage. Now within the body, under the 
influence of increased oxydation, tliia reduction of uric 
aoid may occur ; but as a considerable quantity of 
oxygen is required to effect the reduction, and hb the 
clinical and pathological conditions in which we meet 
with oxalate of lime in the urine, do not point to 
increased oxydation going on within tlie body, but the 
reverse, it ia manifest that only a small proportion of 
the oxalic acid can be derived from this source. Again, 
we stated, when speaking of uric acid, that recent 
views point to the conclusion that even in disease the 
Eiraount of uric acid formed in the body is not great, 
BO that no one who )ins observed the enormous amounts 
of oxalic acid often passed into urine in a single day, 
or as it exists in calculi, can believe that such abun- 
dance could ever come from so small an origin. The 
view now held is that oxalic acid ia derived from a 
variety of sources, and is found in urine under a 
variety of clinical and pathological conditions. Thus 
it may be derived (1) directly from food by the inges- 
tion of substances containing oxalate of lime, such as 
certain fruits and vegetables, rhubarb, sorrel, tomatoes, 
onions, turnips, etc. ; (3) indirectly from food, as by 
incomplete oxydation of the sacf^harine amylaceous and 
oleagineoua principles of food, which, before their final 
conversion into carbonic acid and water, yield several 
intermediary non-nitrogenous acids, of which the chief 
areglycollic, lactic, and oxalic acids ; (3) from increased 
tissue metabolism ; this is probably the most frequent 
cause for the pathological appearance of oxalate of lime 
in the urine. The iirinea in ttiaae caw» Kca ^bsssctSi-t 
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■HnHj tabMl wi& BacM ani antes, wUia Ob 
d^KMiU ef oxalalea uc not iwiiirij [— "»!»■*_ oAca 
ilJMIHM ■ling for a fer ^js, to rcCmn asun ia gnat 
>*^n^M* Tl^ fTphir^tinn irf hi Tjrf rarwrn ^miag. 
that tbe proeeM tA oxf'dattao witlim tke faodj, aader 
etrcutDoUcioea of mcreaaed tuaoe aietafaoliBa, n onljr 
■afficKat to reduce » certain quantity of noit-nilnv- 
genons tUty acids fonoed witbin tbe bod; to tlicir 
lowest term of carbonic tudd, and consequently oxafie 
acid, which is one of the series, appvan in the urine, 
(4) From the mucus of tbe nrinafy passagoi. A rery 
iDgeniooB hypothesis has been advanced by Meckel to 
account for this formation of oxalate of lime in mucus, 
by assuming that the mucous membrane of the nrinaiy 
pajusage* becomes the seat of a specific catarrh. In 
this catarrli a tough adhesive mucus is secreted, which 
lias a tendency to undergo acid fermentation, and in 
which oxalat« of lime appeara when such fei'ment&tion 
occurs. At first this oxalate of lime mucus is of gela- 
tinous consistence, but graduaUy it takes up more and 
more oxalate of lime from the decomposed urine, and 
thus, growing more and more firm, a Etony concretion 
in at length formed. The large and numerous cryntals 
of oxalate of lime so frequently obsetTed in the urine 
of jieroons suffering from spermatorrhcea are most 
probably derived from the mucus of the genito-urinary 
jmssages ; (5) from excess of add in the system front 
the increased fonnntion of lactic and butyric acids in 
lntestineB, the result of fermentative changes. These 
adds absorbed from the intestinal canal into the cii-cu- 
lation being in excess, their reduction into carbonic 
acid is incompletely performed, and bo the intermediate 
ftoid, oxalic, appeare in the urine in combination with 
■ linio. Tbe uiino is usually of a jiale greenish colour, 
Kiul thp quantity passed in the twenty-foui- hours 
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normal in quantity and specific gravity. Its chief 
characteristic is the deposit of crystals of oxalute of 
lime, vhich are found most abundantly in the morning 
urine passed on tirat rising. Owing to the presence of 
these crystals causing irritation of the mucDua mem- 
brane of the bladder, micturition ia frequent and 
urgent, though the quantity of urine passed is not 
large. Tnicea of sugar are not infrequently present, 
and the urine occasionally contains an excess of phos- 
phate of lime. This condition of urine is generally 
associated with excessive flatulence (flatulent dys- 
pepsia), chiefly connected with the smali intestine, 
and apparently the result of intestinal catarrh, and 
there is usually great mental depression. 

Crystals of calcium oxalate ai'e to be recognised in 
urine by their peculiar letter envelope shape a {Fig. 8), 
sometimes as mere diamond points, and often as dumb- 
bells c. In the ktter case tlie ^ , 
oxalate of lime ia probably '^ gj ^^r^-^ 
derived from the urinaiy ^ irt ^5® 
paasages. The crystals dis- 4f ^" 
solve in mineral acids, but ^ D^ ^ e ^. 
not in acetic or oxalic acids, ' Q ^ ^ ^^ 
which serves to distinguish ^ i^ a^* 
them from crystalline de- ^ 
posits of the earthy phos- *^- ^-*^S5^te°"^'^'*"° 
phates. Tliey are insoluble 

in alcohol and water. Under the blow-pipe they are 
reduced to carbonate of lime, and the I'esidue effer- 
vesces on the addition of acid. (A'as Urinary calculi.) 

113. Phosphoric acid H,POj. — The amount 
of phoB]j!ioric acid passing out of the system in the 
course of the twenty-four hours avi^rages from 2'5 
grammes to 3'5 grammes, and is distributed among the 
four bases, potash, soda, lime, and magnesia, in the 
proportion of about two-thirds combined with the 
alkaline oxides and one-third with the oxides of tlie 
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eartLs. The alkaline phosphates are extremely soluble, 
and thei-efore are never deposited from the urine. Oa 
the other hand, the earthy phosphates are only soluble 
in acid solutions, so tliat when the nrine becomes 
neutral or alkaline, they are deposited. Thus it hap- 
|)ena that a deposit of the earthy phosphates is by no 
means an indication that they are in excess, any more 
than the fact that no deposit is present is on assur- 
ance that they are being excreted in normal amount. 
So long as the urine remains acid, a considerable 
quanti^ of phoephoric acid may be passing out of the 
system without giving evidence of ita presence, whilst 
if the urine from aoy cause becomes alkaline, a deposit 
at once occurs, although the phosphoric acid may Dot 
be eliminated in excess. 

(1) Exceat of phoxpkorio add, the enUa of whitA 
are not neceasarUy depotited. This condition has 
long been recognised by writera. The amount of 
phosphoric acid is enormously increased, often rising 
from 3 grammes to as much as 8 or 10 grammes in 
the twonty-four hours. It is chiefly in combination 
with lime and magnesia, though ttie soluble phos- 
phates are also increased, but nob to the same extent 
The discharge of urine is also greatly increased, and 
BO is the excretion of urea. The urine may remain 
acid throughout the course of the disease, and conse- 
quently may be unattended with deposit j but when 
it hecomes alkaline, which it frequently does, bulky 
white deposits of amorphous calcium phosphate are 
thrown down. Tlie alkalinity of the urine in these 
cases is due to an excess of the aUtaline carbonate, 
and when it is persistent the case is usually eX' 
tremely obstinate. The pathology of this condition 
is not undei-atood, but it se^ms to depend on a pecu- 
liar state of the nervous system. The increased 
elimiuatioQ may be temporary in character and 
moderate in amount. Such cases usuftlly occur in 
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persons who have undergone much recent an\iety or 
menta! strain. In this form it often precedes the 
onset of phthisis. With regard to this, Marcet's 
analysis of pnlmonary tissue in consumption has an 
impoi-taat bearing, since he has shown that a con- 
siderable reduction of phosphoric acid and potaeh takes 
place, in the sotnble tisane and nutritive material 
of the diseased as compared with the healthy lung 
tissue. Or the increased elimination of phosphoric 
acid may be excessive and persistent, the disease 
running a course like saccharine diabetes, into which, 
indeed, it often passes, but without the appearance of 
sugar. 

(2) Deposits of phosphate of lime, not, /wwever, 
Tieceisarily attended with excessive elimination. 
these cases the nrine is alka- ^, 

line from fixed alkali. The \^ 

urine is turbid or whey- 



.olpW _..^^ 



*-^ 






phate of lime, which deposits ^ 
on standing as amoi-phous ^v ' 
granules. Sometimes, however, 

■ the phosphate of lime is preci- 

■ pitated in the form of fine 
H acicular crystals (Fig. 9)imuch 
C resembling some forms of -— " ph^phau. 
I uric acid; they can be dis- 

I tingnished from these by their insolubility in liquor 
I potaasffi, and solubility in hydrochloric acid. This 
I form of urine is not infrequently met with in 
I persons convalescent from febrile diseases ; and, in 
H certain forms of dyspepsia, deposits of phosphates 
H alternating with deposits of urates and uric acid are 
I often observed. Rickety children often pass urine 

■ thus alternating in character. From the frequency 
I with which phosphatic deposit occurs in this disease, 
H it was erroneously held that the phosphates were 
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in excess ; this ia now shown to be an eiTor, tlie 
amount of eai'thy phosphates not being increnaed 
iti rickets. Alkaline uriim, when passed into a dirty 
chamber vessel, often fomis an irideacent scum on the 
surface, owing to the formation of crystals of ammonio- 
magnesium phosphate, caused by decomposition of 
urea, which are mixed with granules of calcium 
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(3) IJepodls of ammonio- magnesium phonpJiaU 
(tripU phosphate) Mg(NH,)PO, + 6H,0. We have 
seen (page 115) that when the urine is alkaline from 
the presence of volatile alkali 
1^^^ {ammonia} we have, in addition 

^^\ /^^ to tJie deposit of calcium phos- 
^tjL< t4^^V ])hate, a crystalline precipitate 

jjwpic \V^ j^ of niagnesiuni phosphate in 
Jj X* Mk V» combination witJi ammonia. 
This salt is usuully called 
ti'iple-phosphate. The crystals 
are met in tiifierent forms, but 
the roost charaoteriatic ia that of 
triangular prisms (a, Fig. 10). 
It is sometimes deposited as feathery crystals {6, Fig. 
10), This is especially the case when the urine 
has been artificially rendered alkaline by the addi- 
tion of ammonia. Tlieae oryatala ai-e sometimes 
met with in sliglitly acid urine. In these cases 
it is probable that crystals have been formed 
originally in alkaline urine in the bladder, but 
which has been rendered slightly acid by subKequent 
additions of acid urine from the kidney, before the 
mixed urine is passed ; or it may bo that, subsequent 
to emission, the urine which is passed aoid undergoes 
ammoniacal decomposition on ita upper surface with the 
forniation of these crystals, while tlie bulk of the 
urine remains acid. It has also been suggested that 
the acid reaction in these coses depends upon some 
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salt which reddeus litmua paper, but wliich ia 
free acid. 

The quantitative pstimation of phosphoric acid is 
performed as follows; Take 100 cubic centimetres of 
urine and add 10 cubic centimetres of saturated sodium 
acetate solution ; divide into two portions of 65 centi- 
metres ; each portion, of course, represents 60 cubic 
oentimetres of urine. Reserve one portion in case the 
proceaa has to be repeated. Heat the other to 100° C, 
and then from a burette add 3 oc. of standard 
BOlution of uranic nitrate; then, after mixing well with 
B glass rod, to\ich a drop of Bolution of potassium 
ferrooyanide, which ia placed in a white dish, with 
the wet end of the glass rod. If a reddish-brown 
colour is developed, then too much standard solution 
has been used, and the process must be repeated 
with the reserved sample; but this is not likely to 
be the case, unless the quantity of phospliatea is very 
much below normal. If no brown stain is developed 
then add 1 cc. more of the standard solution, and after 
each addition touch the feri'ocyanide of potassium 
solution with the stirring rod ; when the brown stain 
is developed record the number of centimetres of the 
standard solution that have been used. Suppose the 
coloration is given with 18 cc., but not with 17 cc., 
then take the reserve sample, heat it and run into it 
17 ca of standard solution; then only add \ centi- 
metre st a time, and you will find exactly the amount 
required to give the brown reaction, which may be 
just over 17 ca, or just below 18 cc. Suppose it is 
I7'6 centimetres, then, as each cubic centimetre of the 
standard sohttioii is equivalent to '005 gramme of 
phosphoric acid, then 17 5 x -005 gives the amount of 
piioaphoric acid in 50 cc. of urine, from which it ia 
easy to deduce the amount in the twenty-four hours' 
urine. Tliis process gives the total amount of phoa- 
phoria acid in combination with alkaline as well as 
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the earthy bases, In order to find how much phos- 
phoric acid is in combination with, each, we must first 
get the total amount of phosphoric acid by the proL-ess 
described above, and then proceed to determine the 
phosphoric acid in combination with the earths sepa- 
rately. This done, we deduct the amonnt of earthy 
phosphates from the total phosphoric acid, the differ- 
ence being the alkaline phosphates. To calculate the 
earthy phosphates separately, take 100 cubic centi- 
metres of urine, and add ^0 cubic centimetres of 
liq. ammonia, set aside for twenty-four hours. 
FUter ofi' the precipitated phosphate of lime and 
ftmmonio - magnesium phosphate, and wash them 
thoroughly with dilute liq. ammonia. Then dissolve 
the precipitate by means of 5 cc. of strong acetic 
acid, and place the filter and the acid solution together 
in a beaker and add distilled water up to 90 ec. 
Then add 10 cubic centimetres of saturated solution of 
sodium acetate. Filter ; divide the filtrate into two 
equal parts, each of which represents the amount of 
earthy phosphates in 50 eu. of urine. Resei-ve one 
portion ; with the other proceed, after heating to 
100° C, to apply the standard solution of uramic 
nitrate, as in preceding process. The number of cubic 
centimetres of the solution used will give the amount 
of phosphoric acid in combination with earthy bases, 
lime, and magnesia, in 60 cc. of urine. 

114. llydrocWorlc acid HCl appears chiefly in 
the urine as sodium chloride. Barral has shown that 
the quantity of sodium chloride excreted with the 
urine doea not quite correspond with the amount 
taken with food, about one-fifth being decomposed by 
acid potassium phosphate to form potassium chloride 
and acid sodium phosphate. In a«uto febrile diseases 
the amount excreted by the urine is rapidly dimi- 
nished, especially in diseases attended with exudation, 
as pneiuuDuia, pleurisy, and rheumatic fever; as the 
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diaeaae declines the cliloriites return to the 
excretion, and during convalescence often exceed it 
The avejuge amount excreted in the twenty-four hours 
by a healthy adult may be reckoned as ranging from 
5 to 8 gruiB., varying, of course, with the quantity of 
food. Clilorine may be estimated volumetrically by two 
processes ; by silver nitrate, or by mercuric nitrate. 
ITie latter ia thG siinpleat and most reliable ; SO cubic 
centimetres of urine, freed from albumin if present, are 
to be precipitated by the addition of an equal quantity 
of saturated baryta solution (1 volume barium nitrate, 
3 volumes barium hydrate), and then filtered. To the 
Bolution add gi-adually a standardised solution of mer- 
curic nitrate; at first, the white precipitate formed after 
each addition of the mei-curic nitrate solution disap- 
pears on shaking. When, however, all the chloride 
present in the urine has been converted into mercuric 
chloride, then the mercuric nitrate combines with the 
urea and forms an insoluble compound. The solution 
of mercuric nitrate used for estimating chlorine is 
weaker than that used for estimating urea. It is 
standardised so that 1 cc. = '01 grm, siKliuni chloride. 
The number of cubic centimetres used to produce a 
permMient precipitate in 50 cubic centimetres of urine 
indicates the amount of chloride of sodium present 
in that amount. 

115. Snlphmic acid HsSO^. — Only a small 
portion of tlie sulphur introduced into the body with 
the food appears in the urine, a considerable portion 
passing off by the bowels and some by the skin, in the 
perspiration, hair, nails, and cuticle. Probably, during 
fasting, the sulphuric acid which appears in the urine 
is derived from the sulplmr of the albuminous consti- 
tuents of the tissues, and thus the amount of sulphuric 
acid in the urine may he taken sa the measure of the 
metabolism of the sulphur compounds during fasting. 
In rheumatic fever and pneumonia the sulphuric acid 
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ia often found conaiderably increased without any 
increased ingestion of sulphur- yielding food. When 
carbolic acid ia taken or absorbed in large quantities 
into the system t!ie sulphates disappear, being con- 
verted into sulpho-carbolatea. The quantity of sul- 
phuric acid in the twenty-four lioura' urine is about 
2'5 to 3 grammes. To estimate it quantitatively take 
50 cubic centimetres of urine, add a few drops of hydro- 
chloric acid in order to insure complete precipitAtion 
of the sulphate, then add a standardised solution of 
Imrium chloride, 1 cubic centimetre at a time, till a 
precipitate of barium sulphate is no longer formed, 
then, as 1 ce. oE barium solution is equivalent to Kll 
gi-amrae of sulphuric acid, the number of centimetres 
employed indicates the amount of sulphuric acid in 
50 cubic centimetres of urine. The sulphur in the 
body, however, is not all oxydiacd into sulphuric acid, 
and a small quantity passes into the urine in a 
partially oxydised state. In health about 04 gramme 
of unoxydiaed sulphur passes into the urine. In 
disease, especially of the liver, this amount is in- 
creased. In order to detei-raine the amount, first 
a.scertain the quantity of sulphuric acid present, 
then evapovate an equal portion of the urine and 
deflagrate with potassium nitrate ; this oxydiseB the 
unozydiaed sulphur into sulphuric acid ; to ascertain 
the amount of this, test with the standardised bariutn 
chloride solution. The amount given will be higher 
than when the estimation was made for snlphurio 
acid alona The dilference represents the amount of 
unoxydised sulphur converted into sulphuric acid. 

116. Hippnric acid CjH.NOj. — This eiib- 
stance ia a normal constituent of human urine, tht- 
quantity passed in the twenty-four horn's under or- 
dinary circumstances varying from 0'8 to 1 gramme. 
Weisman gives 1-17 grma, as the normal daily quan- 
tity excreted. The excretion ia greatly augmented 
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by a vegetable diet, and especially by such vegetable 
BiibstaDces aa benzoic acid, cranberries, biackbemes, 



to tind a 
bivorons aaimals ; 
cent,, and horse's 
puric acid often 



aequently, we are not surprised 
' 'e quantity in the urine of all her- 
, thus cow's urine contains 1 per 
la these animaJa hip- 
[ndergoes oxydation in the system, 
B converted into benzoic acid, which appears in 
the urine ; thus horses at rest pass urine free from 
benzoic acid and containing the standard quantity of 
hippuric acid, but wjien put to hard work the hippuric 
acid diminishes and benzoic acid appears. Xubne has 
observed that benzoic acid given to patients suffering 
from disease of the liver passes unchanged into the 
urine instead of being converted into hippuric acid, 
which would have been the ease under ordinary 
circumstances. From this fact he has assumed that 
hippuric acid is derived from the vegetable aromatic 
constituents of our £ood, and the place of their trans- 
formation is the liver. Benzoic acid, given internally, 
G said to dimini sh the excretion of uria acid, whilst 
hippuric acid is increased. The excretion of hippuric 
acid is increased in aU febrile affections, also in 
diabetes. The crystals are semi-transparent rhombic 
plates, insoluble in cold water, but extremely soluble 
'a solutions of sodium phosphate. Boiled with strong 
hydrochloric acid, they decompose into benzoic acid 
and glycocin ; the latter crystaUiaes out on cooling. To 
obtain hippuric acid from urine, evaporate 1,000 cubic 
centimetres of urine to near dryness, triturate the 
residue with clean sand, and add 60 cubic centimetres 
of hydrochloric acid ; finally extract with alcohol. The 
acid alcoholic solution is neutralised with soda ley, 
and evaporated to a syrupy consistence with a small 
quantity of oxalic acid, the residue dried in a water 
bath and treated with a large quantity of ether con- 
taining 20 per cent, of alcohol. When the residue ii 
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thoroaghly exhausted, the alcoholic etherial solution 
is evaporated and the crystalline residue treated with 
ft solution of milk of lime, and the resulting precipi- 
tate removed by filtration. The filtrate is concentrated 
and hydrochloric acid added ; after standing Borne 
hours hippuric acid will ciystallise out Tlie cryatalB 
are collected on a weighed filter, dried and weighed ; 
the weight givea the quantity of hippuric acid in the 
amount of urine examined. 

117. Kreatinln C.H,NaO.— Tliis base is con- 
stantly present in human urine ; according to Neu- 
bauer, the quantity passed into the urine in twenty- 
four hours averages 0-6 to 1-3 grammes. It is de- 
rived from the decomposition of kreutin in the 
blood ; in no case has it been obtained as a primary 
>dact of decomposition from any of the tissues, 
^mrocki has shown, by experiments, that it does not 
our in muscular tissue either at rest or when 
t^nised. The crystals form oblique rhombic prisma, 
soluble in boiling water and in 12 parts of cold water. 
It is an extremely powerful base, givea an alkaline 
reaction with test pap<:r, and forms well-defined bafiio 
double salts with zinc chloride and silver nitrate. 
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118. AJbimiiii. — Various proteid substancea 
appear in urine, the result ol manifold pathological 
conditions. 

(1) Serum a/bumin is the form met with in 
Bright's disease, in many depraved conditions of blood, 
in purulent discharges from the genito-urinary tract, 
and occasionally in persons ap]mrent1y healthy, under 
the inBuence of undue physiological stimuli, such as 
excessive muscular exertion, excitement, or the inges- 
i'oa of unsuitable fooii, etc. It is now generally 
it the M&lpighiaa \)odi«a «x« Uva ^art oi 
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the tidney by which albumin passes into the urine. 
The causes that lead to a transudation of albumin are 
generally referred to four conditions ; viz., increased 
blood prossui'e, peculiarity 'of vascular walls, altera- 
tions of the i-enal epithelium, ahnormal conditions of 
the blood, though no one of these factors alone seems 
capable in itself of fully aceounting for the phenome- 
non. In Bright'a disease, albumin is most abundant 
in oases originating in acute nephritis. Dming the 
early stages it ia found asaoeiated with more or less 
blood ; as this clears up, it still continues in lai^e 
quantity till the attack has completely passed off, 
indeed, often persists after all other evidence of the 
kidney affection has disappeared, and iJie jmtient has 
apparently regained his usual health. When the 
acute attack does not subside, but merges into the 
chronic form of nephritis (the lai'ge white kidney), the 
albumin passed is still very considerable. In the cirr- 
hotic form (small granular kidney), the amount of al- 
bumin present in the urine is generally small, and 
may be often absent for days. Professor Grainger 
Stewart tliinks it probable, indeed, that ciiThosis may 
be present as an anatomical change, without the occur- 
rence of any albuminuria. Dr. Mahomed holds that 
there is pre-albuminuric stage in this form of Bright's 
disease, in which the urine for a time is free &om 
albumin. I have seen several cases tending to support 
this view. In pure lardaceous disease (waxy kidney) the 
quantity passed in the early stages is at first small, 
but increases as the disease progresses, especially if 
any inflammation of the tubules intervenes. Thus 
Professor G. Stewart has watched it gradually increase 
from a mere trace till the daily excretion reached one- 
tvrelfth of an ounce. The aJbuminuria a£sociated with 
depraved condition of blood is generally associated 
with some degree of nephritis [ but even when there ia 
no positive evidence of this, we ckw woA'i^ \tob.^k» 
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how a toxic agency may afiect the circulation in the 
Malpighian tufts by diminishing the supply of oxygen, 
or lessening the amovint of nutritive material, and so 
allow albumin to escape. The albumin derived from 
pus cannot be distinguished from blood serum. 
When there is no kidney disease the case can be dis- 
tinguished by the absence of tube casts ; when, how- 
ever, inSammatory disease of the urinary passages 
co-exists with Bright's disease, it is impossible to 
estimate the amount of albumin derived from each 
cause, and our opinion with regard to the condition of 
the kidney must be based rather on a consideration 
of its functional power as evidenced by the excretion 
of urea, and the specific gravity of the urine after it 
lias been freed from albumin, than from the amount 
of this substance present in the urine. In cases of 
temporary, or intermittent, albuminuria, the urine 
passed at different periods of tlie day should be care- 
fully examined, and the examination continued for 
some time, till the conditions which lead to its 
production are fully understood. Even after all trace 
of albumin heiG long disappeared from the urine, the 
l)atient should report himself from time to time, for 
though in the majority of cases no ill results follow, 
still this condition is sometimes a prelude to the 
permanent and organic form of albuminuria. 

The best plan of procedure in testing for serum 
albumin is as follows : 

(a) First determine the presence of a proteid or 
albuminous substance in urine. For this purpose any 
of the following reagents may be used :* (1) PotaBsium 
ferrocyanide, with citric acid ; (2) Fotassio-mercuric 
ictdide, with citric acid ; (3) Mercuric chloride, with 

* K the urins ii turUd rrotn muctu it miut be filtered. If 
he tnrbidit; ii due to uratca, g ' 
'etr it; it due to phiuphBtei, u 
'oeOetcid will rB-dUuolve them. 
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citric acid; (^)aBa,tiiratedsolutioaof Picric acid, added 
iu equal bulk to the urine to be tested; (5) Concentrated 
Nitric acid. The Urst three tests can be conveniently 
applied by means of Dr. Oliver's teat papers, which 
are exceedingly handy for clinically testing urine at 
the bedside. In using these tests a citric acid paper 
is first dropped into the teat tnbe containing the urine, 
and then the special reagent ; if albumin is present, a 
delicate haze will diffuse through the fiuid. The 
picric acid can be carried in powder iii a Biaall box, 
and dissolved in water when required. It is an exceed- 
ingly delicate test for albumin, very minute traces 
bcaog indicated by it. It is also useful as a general 
urinary test, since it can be made available for testing 
for sugar (Sugar, § 119)i and for the detection of 
peptones in urine. If uric acid is in excess it vi 
thrown down by picric acid, and this precipitate may 
bo mistaken for albumin \ it can be distinguished, 
however, by the fact that it is re-disaolved on heating, 
whereas the precipitate given with albumin becomes 
denser on the application of heat. Picric acid, too, 
Ims the advantage of precipitating serum albumin 
when modified by acid, and also alkali albumin ; at all 
events, Dr. Geoi'ge Johnson, who hasemployed the test 
for many years, says he has never met with a case of 
highly acid or alkaline urine in which a precipitate 
did not occur if albumin was present. With nitric 
acid a zone of coagulated albumin is formed when a 
urine containing albumin is floated on the surface, 
which is done by placing a few drops of strong nitric 
acid at the bottom of a test-tube, and running a little 
of the urine carefully down the side of the glass. 
Nitric acid as a test has been almost universally 
adopted. It has the disadvant^e, however, of being 
an awkward i-eagent to carry about for bedside 
purposes, and is not quite so delicate as \iicric aavi. 
like that body, it precipitates mv\c m4^Vwi\T\ ewKSs- 
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from the uriae ; this precipitation, however, as in tlie 
other case, is distinguialied by its being readily 
dissolved by heat. 

(b) Secondly, to determine that the protoid body 
is serum albumin. The above reactions only show 
that an albumin of some kind or other is present 
in the urine, and not the variety or the form. 
This is done by the application of apecia,! t«sts. 
Now beat is the great distinguishing test for serum 
albumin, since it is the only albumin (except sero- 
globulin, »e& page 147) tliat coagulates at temperature 
73' to 75° C If, then, after having determined the 
presence of an albumin in the urine, we wish to decide 
that the body is serum albumin, we must heat the urine. 
This is best done by nearly filling a test-tube with fil- 
tered urine, and applying heat to near the boiling point, 
when, if albumin is present, a deposit varying from a 
faint haze to a dense cloud is formed in the hot 
portion of the tube. The advantage of applying heat 
this way is obvious, for if there is ouly the merest 
haze tho difierence between the clear cold and the 
alight turbidity in the heated portion is very readily 
distinguished, especially if the tube be held to the 
light, and the dark coat-sleeve placed behind the 
tube ; whereas, if the whole of the urine is heated 
a slight change may escape observation. In applying 
the heat test it must be remembered (a) that in 
nlkaline or slightly acid urine a cloud of phosphates 
may be precipitated on boiling them ; they clear up, 
however, on the addition of a drop of dilute acid, or a 
citric acid paper, whilst albumin does not If albumin 
is present as well, both it and the phosphates are 
thrown down by heat, whilst the precipitate is only 
partially re-dissolved on adding acid. If any difQculty 
should occur as to the amount of the partiitl solution, 
a fresh sample of urine must be heated very gently 
and kept for some time just below boiling point, 
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75° to 80° C, when the albumin alone coagulates ; on 
boiling (100° C.) there is an increase in the turbidity, 
the phosphate being only precipitated at the boiling 
point (6) Should the urine be alkaline, then tie 
Rerura albumin may be modified and appear as alkali 
albumiii or casein, in which case no coagulation, or 
at the most only a sligjit turbidity, will be given 'by 
heat, although the albumin may be present in con- 
siderable amount ; if, however, we neutralise the 
heated layer with a drop or two of dilute acid, coagu- 
lation will at once occur ; a citric acid test-paper 
dipped into the heated layer has the same efTect. 
(fi) Similarly, if the urine is highly acid, heat will not 
coagulate the albumin, because it is converted into 
acid albumin or syntonin ; on neutralising the urine 
with a drop or two of liquor potasste precipitation 
at once occurs ; should, however, the alkali be added 
in excess, the precipitate is at once re-dissolved. 
The determination of the amount of albumin present 
in urine is often roughly performed by judging by 
the eye the amount of coagulated material deposited 
in the test-tube in relation to the fluid ; thus it is 
expressed at one-sixth or one-eighth, etc. This, how- 
ever, is likely to mislead, unless the Hpecific gravity of 
the urine is likewise recorded, for a patient may be 
passing a considerable quantity of albumin in a very 
dilute but abundant urine, which would of course yield 
only a small volume of eoagula, whilst a scanty but con- 
centrated urine would yield relatively more, though the 
quantity of albumin present might be absolutely less. 
To make an accurate estimation the albumin must 
bo separated and weighed. The procedure is as follows : 
Take 100 cubic centimetres of urine, place it in a glass 
beakra-, and add two or three drops of strong acetic 
aeid, to render it slightly acid. Place the beaker in a 
water-bath, 100° C, for about half an hour, frequently 
stirring to prevent clotting, then Be\. asvia 'Wi soXss^a^ 
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When t.he ooagula have fallen to the bottom of the 
vessel decant sttpei-natant fluid into another vessel, 
and place the coagulated material on a filter previously 
dried and weighed, carefully removing any portion that 
may adhei'e to the glass with a feather to the filter. 
Set aside to drain, add from time to time any portion 
of coagula that may he deposited from the super- 
natant fluid that was decanted When every visible 
fragment of coagula has been transferred to the filter, 
place it in the hot-air bath and cautiously dry; 
beware of applying heat too urgently at first, or it 
will dry lumpy, and consequently take longer to get 
rid of all the moisture, since the outer surface will 
cake hard and so prevent the moisture from the 
interior evaporating. When it has been in the air- 
bath some hours withdraw, cool, and weigh,* and 
repeat this process till it ceases to lose weight. 
When it does, deduct the orij{inal weight of the filter 
from the amount, and the diffMrence will give the 
weight of albumin in. 100 cubic centimetres of urine. 
(N.E. — This process luiswers very well in ordinary 
cases, but if the urine is scanty, and the idbumin 
is abundant, it is necessary to dilute the urine with 
twice its volume of water, otherwise the albumin will 
separate in clots, and carry down some of the urinary 
material, which of course will increaae the weight.) 

(2) ParaffhbuUn and glohilin. — These varieties 
of albumin, associated with senim albumin, are met 
with in many cases of Bright's disease, chiefly in the 
early acute stage, when blood appears in the nrine, 
and the later stages of chronic white kidney, when 
there is much anieaiia. The globulins coagulate by 
heat, so that to Separate them from serum sdbumin it 

* Iq weigbiixg prflcipi1iiL(«ft & smnll benker faatf-fuU of stmng 
■ulpliuriB add ahould alwnyt be jilooed in the caae of the 
woghiDg rnochiiie, to keep the air of tbe chamber dry, otherwise 
nioiituTB will be nbsorbod uid weiaht iDDreued. The jilter ahonld 
M]wai's be nllou-od to cuol in thin ehiLnihcr. 
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is necessary to employ 11 reagent that does not affect 
that body. This is effected by precipitating with 
magnesium Eulphate;the filtrate is heated to 75° C., 
which thiBWH down the sero-albumin, by passing a 
stream of carbonic acid through the urine, which 
should he diluted three or four times its bulk with 
distilled water. I am not aware that the globulins 
ever appear in mine unless accompanied with serum* 
albumin ; the conditions under which both pass out 
at the kidney seem to he identical, though in some 
forms of temporary albuminuria paraglobulin appears 
to be in excess of tlie serum albumin. 

(3) Fibrin is met with in urine, associated with 
chylous urine, from which it separates as a light 
gelatinous clot It is known by its power of decom- 
posing hydrogen peroxide. After hteniaturia moulds 
of the urinary tubes, consisting of decolorised fibiin 
and fatty matter, are sometimea passed, tbey also 
cause effervescence with hydrogen peroxide. 

(4) Parapeplone, or pro-peptone, sometimes appears 
in urine. This body is one of the intermediate 
products of gastric and pancreatic digestion. Before 
peptone is arrived at, according to Kiihne, anti- 
albnmose and hemi-alhumose are formed. Of these, 
anti-album oae corresponds to acid albumin or sjntonin, 
whilst hemi-albumose ia probably equivalent to the 
so-called C peptone of Meissner, which has been 
identified with the peculiar form of albumin discovered 
by Bence Jones in the urine of a case of osteo- 
malacia. This body gives a precipitate with nitric 
acid or picric acid in the cold, but which re-dissolves 
when heated to 70° C. ; this form of albumin is 
frequently associated with the presence of tnie 
peptone in the urine. 

(5) Peptones. — It has long been known that these 
bodies often make their appearance in itioft, "o^ 
the subject ha^ not received m ft»a craa.t&yi *^'a 
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attention it deser\-es. FrericliE, Schultzeii, aiiil 
Biess have met with them in the urine of 
cases of acnt« yellow atrophy and phoapbonis 
poisoning ; Eichwald in acute parenchymatona 
nephritis ; Petri found them in twenty-eight cases out 
of forty-one cases tested ; Gerhardt found them in the 
urine of patientA suffering from diphtheria, tertiary 
syphilis, pneumonia, typhus, and typhoid fever ; in 
some of his cases they preceded the coming-cm of 
albumin in the urine. Gephardt's observations have 
been confirmed by Obermiiller. I have recorded* 
three cases, in one of which there was slight temporary 
albuminuria, and in two, though there was no albu- 
min, the patients presented the appearance, and had 
many of the HymptomE, that would lead one to expect 
grannlar or contracted kidney. The test for ^eir 
presence is the peculiar rosy red they give with alka- 
line solutions of cuprio sulphate in the cold. To 
bring this out clearly, place about a drachm of 
Fehling'H solution in the bottom of a test-tulie, and 
float an equal quantity of urine on the surface ; 
There the two fluids meet a zone of phosphates will be 
deposited, above which, if peptones are present, a red 
haio will develop. If peptones alone are present, 
then the red is of a rosy or pink tint. If there is 
also much albumin, then the red is more of a violet 
hue. Now if, by means of a pipette, a drop or two of 
picric acid is allowed to fall in, the red coloration 
turns to deep-red, then to reddish-yellow, and finally 
becomes yellow. It is a dUEcult matter to obtain 
these bodies for esamination. The plan that has 
been usually adopted has been to precipitate them 
with alcohol. Now albuminous peptones are not 
quite insoluble in alcohol, whilst mucin is freely 
precipitated by it; so that, unless mucin he previously 
removed, this substance may be mistaken for peptone. 
■ SriliA Med. Jovrnal, Mi.; 12ib, 1683. 
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Again, if the urine contain albumin, it is very diffi- 
cult to separate it completely, a email quantity always 
remaining even after repeated coagulation by heat. 
The process I have devised is a modification of that 
adapted by Schultzen, Biess, and Hofmeister. It is 
as follows ; — 500 cubic centimetres of filtered urine are 
to be placed in a gloss vessel, and 10 cubic centimetres 
of strong acetic acid added. If mucin is present in 
solution a turbidity ensues. The urine ia allowed to 
stand twelve hours, by which time the precipitated 
mucin falls to the bottom of the vesaeL A drop of 
acetic acid should then be added to the supei'natant 
fluid to see if all the mucin has been thrown down ; 
if this drop causes a cloudiness when it is allowed 
to fall, then more acetic acid (5 ca) must be 
added, and the precipitate allowed to collect ; and 
this process must be repeated till acetic acid causes no 
cloudiness when added. The clear supernatant fiuid 
is then to be decunted off and filtered. To this add, 
drop by drop, a concentrated solution of ferric 
chloride, till tiie solution has acquired a permanent 
red colour. Then carefully neutralise the solution 
with a concentrated solution of sodium carbonate. 
Allow the precipitate to subside ; then pour off the 
supernatant fluid and filter it. The filtrate ought now 
to be free from albumin, and give no reaction with 
potassium feri-ocyajiide and acetic acid. The filtrate 
is now to be evaporat^Ml to half its bulk, and 250 
cubic centimetres of absolute alcoliol added whilst the 
liquid is yet warm. If peptones are present, a 
brownish precipitate ia the result. The whole should 
be kept in the water-bath (100° C.) for twenty-four 
hours, alcohol being added from time to time. When 
a precipitate is no longer formed, the brown substance 
must be removed to another vessel, and boiled with 
alcohol for twelve hours. The precipitate la then, 
collected, dried, washed mlh e>t^«v, fewA'nA -va- -^^aws. 
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re-pracipitated by aloohol, again collected, dried, and 
washed by ether. At leagtli, after repeating tJiia 
process three or four timea, a grey-yeilowish powder 
is obtained, which ia hygroscopic, is easily soluble in 
water. The solution is neutral in reaction, gives no 
precipitate with potassium ferrocyanide and acetic 
acid, turns the plane of polarised light to the left. 
The powder, when heated to 180° C, evolves ammonia. 
The alcoholic extruata, exhausted with ether, yield 
to the ethei'ial solution a brown, thin residue, out of 
which thin crystals of tyrosin separate. 

119. Snirar (glucose). — Healthy human urine 
contains, as has been proved by Pavy, minute traces 
of glucose ; but, in certain unnatural states of the 
system associated with disturbance of the bepatio 
function, a larger amount passes into the urine, in- 
ducing a condition known either as glycosuria, or dia- 
betes, according as it acquires a more or less marked 
saccharine reaction and is temporary or permanent in 
its character. The nature of the pei-version of liver 
function which leads to the increased passage of sugar 
into the blood, and hence into the urine, and the 
difference of degree observable in the various forms of 
diabetes and glycosuria, are considered in the chapter 
on the digestive organs (§ 145). 

Various substances produce a reaction with glucose; 
but the tests used for clinical pui-poses are, (1) the 
alkaline copper test ; (2) the yeast, or fermentation, 
test ; (3) the indigo carmine test ; (4) the picric acid 
and liquor potasses test ; (5) polarised light. 

(1) The alkcdine copper tent. — Alkaline solutions 
of glucose possess the power of reducing cupiic salts 
to cuprous. This property ia made use of in detect- 
ing sugar in urine. The test solution in general 
use ia that of Fehling. It ia made by weighing 34'63 
grains of pure crystallised cupric sulphate, and adding 
digtUJed water np to one litre. One cubio centimetre d 



Qiap. IV.l TaSTS FOR GlUCOSE. I5I 

this solution is equivalent to 'OOS grm. of sugar. The 
alkaline solution, ia prepared by dissolving 173 grms. 
of pure crystallised Bodio-potassium tartrate and 80 
grms. of potassium hydrate in distilled water, and 
filling up to the measure of one litre. The copper 
and alkaline solutions must be kept in separate bottles. 
Thus prepared, the test is available for quantitative 
as weil 03 qualitative purposes. In testing for 
sugar, we place equal quantities (one centimetre o£ 
each solution) in a perfectly clean teat-tube, and boiJ ; 
then set aside for a few minutes to see if the solution 
is in good condition and has not been impaired by 
keeping. If in good order, it remains perfectly clear 
and retains its deep blue colour. If faulty, it becomes 
turbid and thick, in which case it is not available. 
If, however, it is good, run a drop of the suspected 
urine (which must be freed from albumin, if present) 
down the side of the tube, and gently hsab. If su^ar 
ia abundant, a yellow precipitate, turning red, will be 
formed. If no precipitate is formed, then add a drop 
or two more urine, and so on till a bulk equal to the 
amount of t«ut has been added. If then there ia no 
precipitate, we may be sure that sugar is absent. 
When the sugar is in extremely minute quantity, the 
reduction may be very slight, and, instead of a red or 
reddish -yellow, the precipit-ate is greenish -yellow, 
caused by the admixture of the yellow urine and a 
little reduced copper with the blue of the Febling, and 
rendered opaque by the presence of precipitated phos- 
phates. On standing, however, a few grains of cuprous 
oxide will deposit at the bottom of the tube ; this 
distinguishes it from the greenish coloration caused 
by inosite. Other substances, as uric acid, kreatinin, 
., found in the urine besides sugar, possess when in 
:eBB the propertj of reducing cuprio salte ; we must 
be on our guard, therefore, against taking tteae. tei 
Bu^ar. In typical cases oi d\B\ieVie» ot ^^^^ 
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renctiou in a few drops of urine is too marked to lead 
one into error ; but, wLen the reduction is Blight, the 
question Eirises whether it is caused by uric acid or 
sugar. To decide this question, add to the urine a 
solution of lead acetate ; filter ; and then test the 
filtrate with the copper solution. If it does not now 
give the reaction, then the former reductioa was due 
to uric acid ; if, on the other hand, tlie cuprous oxide 
is still thrown down, we may he sure the reduction is 
due to glucose. In employing the test, care must be 
takea only to apply gentle heat, since nitrogenous 
matter in urine in the presence of alkalies gives off 
ammonia, which holds the cuprous oxide in solution 
and prevents its deposition. Again, the urine should 
only be added drop by drop, since excess of glucose will 
hold the cuprous oxide in solution. The quantitative 
estimation of sugar by means of Fchling's solution is 
performed as follows : Into a porcelain basin, capable 
of holding 500 cubic centimetres, place 50 cc. of 
distilled water, and to this add, carefully measured by 
means of a pipette, 10 cc of the copper solution 
aud 10 CO. of the alkaline solution, prepared as 
directed above; then take 5 cc. of the diabetic urine, 
freed from albumin if present, aud dilute it up to 100 
cc. with distilled water, and place 50 cc. of this in a 
Mohr's burette, reserving the other 50 cc. in case of 
accident or of more being required to complete the 
process. Now very gradually heat the contents of 
the porcelain dish to just the boiling point, and then 
run a few drops of the diluted urine from the burette. 
This at first ia of a muddy colour, but after each 
addition becomes redder and redder as more of the 
copper suit is reduced. After each addition- the 
porcelain dish is tilted a little, to see if the edge of 
the fluid has become colourless. Whe 
ci^e, a few drops of the contents of the porcelai 
haain must be trithdrawn by means af & ^i^tte. 
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passed through a, small filter into a test tube c»mtain- 
i isg a Bmall quantity of potosBium ferrooyanide solu- 
tion and a drop or two of acetic acid. If no brown 
coloration is given, the process is complete ; but, if 
there is, then more of the diluted urine must be care- 
folly added to the oonlents of the porcelain basin, till 
the ferrocyanide solution givea no reaction. The calcu- 
lation ia made as follows : Bead ofi' the number of 
centimetres of dilute urine used Fi'om the burette ; 
say, for sake of example, they amount to 57 cubic 
centimetres. Kow, as the urine was diluted to one- 
twentieth of its volume, 57 cc of diluted urine are 
ei^uivalent to 2'85 cc. of the diabetic urine. Again, 1 
cc. of the copper solution is equivalent to 005 gramme 
of sugar ; and, as 10 cc. were employed for reduc- 
tion, then 2'85 cc. of diabetic urine contained '45 
gramme of sugar ; and, supposing the patient passed 
3750 cubic centimetres of urine in the twenty-four 

3750 cc. X -Oogi'm. „_„ 

hours, then T^ ~ Co'7o grammes 

of sugar passed in the twenty-four hours. In other 
words, the some result is obtained if we divide the 
twenty-four hours' urine by the number of centimetres 
of the dilute urine used from the burette ; thus 
3750 
- ,- - = 65'78 grammes of sugar. 

(2) The fermentation test. — Yeast added to a 
solution of glucose, and kept at a temperature of 25"^ 
to 30° C, speedily undergoes vinous fermentation; as 
the sugar is converted into carbonic acid, and tliis 
passes offinto the atmosphere, the solution loses weight. 
This fact has been made use of for the quantitative 
estiniation of sugar for clinical purposes. Two equal 
portions of urine (4 ozs.) are placed in two6-oz. medicine 
bottles, and in one is plaoed a fragment of baker's 
yeast, about the size of a small bean, and the mouth. 
hghtJjr plugged with cotton ■wcioL 'iV& \.'*ia N«MS«fc, ^ 
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are to be k«pt in a warm place for twenty-four hours. 
In the bottle in which the yeaat is placed fermentutire 
Bction soon commences and carbonic acid formed, 
which passes off through the cotton wool. At the end 
of twenty-four hours the specific gravity of both 
battlea is taken, and the difference represents the 
amount of sugar, each degree at specific gravity lost 
in the bottle which has undergone fermentation repre- 
senting ojie grain of sugar in each ounce of the twenty- 
four hours' urine; then if the patient passed 260 
ounces of uiine in the day, and the difference in the 
Bpecific gravity amounte to T degrees, then 360 x 7 = 
1830 grains of sugar passed by the patient in twenty- 
four hours. . If French measures are employed instead of 
English, then each degree of specific gravity lost repre- 
sents 0'2m6 gramme of sugar in every 100 cc. of urine. 
(3) Indigo carmine test is based on the faet 
that indo^tine, the colouring matter of commercial 
indigo, when heated witti an alkali in the presence of 
glucose and certain cai'bohyd rates, is converted into in- 
digo white, and which is capable of reconversion, under 
the influence of oxygen, back into indogotine. The 
change is represente<l in the following equations : 
Indogotine 2(0,HjN0) -f H, = C,„Hi,N,0, indigo^ 
white. Dr. Ohver has recently made this teat readily 
available by means of specially prepared test-paper. 
A strip is placed in a test-tube and covered with dis- 
tilled water, and heated till a blue solution is formed ; 
a drop of diabetic urine is tlien introduced and heat 
applied, care being taken not to shake tlie solution 
or allow it to boil. The solution gradually becomes 
violet, then purplish, then oi-ange-red, then reddish- 
yellow, and fmally straw-coloured. Now on ceasing to 
heat, and shaking the test-tube, the liquid passes back 
through the different colours into the original blue. 
Tbia test is likely to pi-ove a valuable supplement to 
the other tests for sugar. The oopipei ttit, a& ia well 
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known, is not reduced by all forma of sugar, nor do 
all kinds ferment readily with yeast ; now as the indigo 
reaction is given by many forms of carbohydrate, 
it ntay be thus made available for distinguiBhing 
between those fornis of sugar aometimes present in 
arine whioh give no reaction with copper, and which 
do not readily ferment, and so help to distinguish those 
cases fram true glycosuria. 

(4) Pie-rie aeiti test. — Wben an alkaline solu- 
tion of giuGOse is heated with picric acid, the liquid 
assumes a deep red-brown colour, due to the formation 
of picraniic acid. This affords an extremely delicate 
test for glucose in urine, and it has also au additional 
advantage for clinical purposes, since picric add is 
a delicate test for albumin, and also that the presence 
of albumin does not interfere with reaction for sugar. 
In applying the test, add an equal bulk of satui'ated 
solution of picric acid to the urine; if albumin is pre- 
sent a cloudy precipitate will form ; then add a few 
drops of liquor potassee, and gently apply heat, the 
solution will gradually acquire a deep red-brown colour. 
Nearly all urines treated in this way become darker in 
colour, but the coloration in no way approximates 
to that yielded by even the most minute trace of 
sugar. Dr, George Johnson, who has paid muL'li 
attention to the application of the picric acid teat for 
clinical purposes, has devised an exceedingly ingenious 
method of quantitatively estimating the amount of 
sugar by the depths of colour yielded by this reaction 
as compared with a standard colour for comparison. 
His method is likely to be largely used for clinical 
investigations, as it ean be quickly performed,* 

Take a fluid drachm of a solution of grape-sugar, 

in the projHjrtion of a grain to the fluid ounce ; mix 

it with half a drachm of liquor potassse (P.B.), and ten 

minims of a saturated solution of picric acid ; and 

• -Brit. Med. Journal, MmoVVSKI. 
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make up the mixtui'e to four dracliins with distilled 
water. The inixttu'e is conveniently made in a boiling 
tube, ten inches long and three-fourths of an inch in 
diameter, which may be marked betow at the height 
of two and four drachma. With a long boiilng-tube 
there ia little risk of the liquid boiling over ; and the 
steam, condensing in the upper cool part of the tube, 
llowa buck as liquid, so that there ia little loss by 
evapDL-ation. The liquid is now raised to tbe boiling 
point, and the boiling is continued for sisty seconds 
by the watch, so as to insure the complete reaction 
between the sugar and the picric acid. During the 
jiroceaa of boiling, the i>ale yellow coloiir of the liquid 
is changed to a beautiful claret red. 

The liquid having been cooled, by cautiously im- 
mersing the tube in cold water, and it having been 
ascertained that its level is that of the four-drachm 
mark on the tube, or, if below the mark, it having 
been brought up to it by the addition of distilled water, 
tbe colour is that which results from decomposition of 
picric acid, by a grain of sugar to tbe ounce, four times 
diluted ; in otlier words, it indicates one-fourtb of a 
grain of sugar to the ounce ; and this colour is a con- 
venient standard for comparison in making a volumetric 
analysis. The picramic acid solution, however, on 
exposure to light, even for a few hours, becomes paler ; 
but the colour may be exactly imitated by a solution 
of ferric acetate, with a alight excess of acetic acid 
and an excess of ferric chloride. The iron solution we 
have found to retain its colour unchanged for a fort- 
night, even when exposed to a strong bght; and we 
expect that, when bght is excluded, it may be kept 
for an iudetinite period ; and it is, therefore, a conve- 
nient standard for comparison. 

If, ROW, a drachm of a solution of grape-sugar, 
contaimng two gniins to tlie ounce, be mixed with the 
aame qiiaatity of liquor potaKsaa (^i^-ardi»je,bm\ 1 



Chap, iv.i Tests FOR Glucc 

before, but with double the amount of picric acid {i.e. 
twenty mimms), and made up to four drachma i 
the boiling tube, the result of IJoiiing the mixture e 
before, for sixty seconds, will be the production of 
much darker colour than when the one-grain solution 
was acted upon ; but if now the dark liquid be 'diluted 
with its own volume of water, the colour will be the 
eame ae that of the one-grain solution. 

The dilution is accurately done in a sto^ipered tube^n 
twelve inches long and three-quarters of an inch i 
diameter, graduated into -^'^ and yj^ equal 
divisions (Fig. 11). By the aide of this tube, 
and held in position by an S - shaped band 
of metal, is a stoppered tube of equal dia- 
meter, and about six inches long, contain- 
ing the standard iron solution. 

Sufficient of the dark saccharine liquid 
ta be analysed is poured ia to occupy 
exactly ten divisions of the graduate | 
tube. Distilled water ia then added 
cautiously, until the colour approaches 
that of the standard. The level of the 
liquid is then read off and noted. A more 
exact compaiison of the saccharine liquid 
with the standard is made by pouring into 
a flat-bottomed colourless tube, about six 
inches long and an inch in diameter, 
much of the standai'd aa will fonn a colu 
abotit an inch in height, and an exactly equal column of 
the saccharine liquid in a precisely similar tube. The 
operator then looks down through both tubes at once, 
one being held in each hand, upon the surface of a white 
porcelain slab, or a piece of white paper. In this way 
a slight difference of tint is readily recognised, and if 
the liquid to be analysed be found to be darker than the 
standard, it is returned to the gradua.tiwi t<A*fc, «iA 
diluted untiJ the two liquids are ^ovm4\ra^jfc\ijCTfew^''^' 
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colour, when the final reading is taken. TIib w 
liquid having been diluted four times before it was 
boiled, a colour equal to that of the quarter-grain 
standard would indicate one grain of Hugar per fluid 
ounce. If further dilution were required (say from 
ten to twenty divisions) the proportion of sugar would 
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bo two grains per ounce, and bo on to thirty or forty 
or upwards, or to intermediate divisions. Thus dilu- 
tion from ten to thirty-five divisions would indicate 
3-5 grains of sugar per ounce. 

(5) Polatimetry. — Glucose posseseea the pro- 
perty of rotating polarised light toward the right. 
This property has been made use of to determine the 

, amount of sugar present in solution, by the amount of 
deviation observed. This is done by an inatrmnent 
termed a saccharometer, represented at I^. 12. Light 
is admitted through a Nicol's prism or polarieer at 6, 
and falls on another prism, the analystr, at a. Now 

jf theae two prisms are arranged bo that no lif^t 
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thi-ough the aniilyser or second priam, whicli 
by turning it round to a. certiiin degree 
screw d. The instrument being ao adjusted that no 
light passes through the second prism, the tube a Ib 
then filled with a solution of glucose, and placed be- 
tween the two prisma a and h. Immediately light 
passes again thi-ough the second prism a, and this 
must be tuiTied by means of d thi'ough a certain 
angle till the light can i^ain be stopped. The mag- 
nitude of this angle is read off on scale e. Now the 
magnitude is in direct proportion to the length of the 
tube and the quantity of sugar in solution. If, there- 
fore, we know the specific rotatory power of the 
aubstance submitted for analysis [nji^ which in the 
case of glucose is -|- 57'6, and have ascertained the 
length of the tube I, and the magnitude of the angle 



of deviation, then-p-, — - — -, — x, the weight ii 

of the substance present in 1 co. of the solution em- 
ployed, in examining diabetic urine (freed from 
albumin, if present), 10 cc. of solution of lead acetate 
are added to 100 cc. of the urine, in order to remove 
the colouring matter of the uiine, and the solution 
iiltered ; the liquid is then placed in tube, the length 
I f)i which, in decimeters, has been ascertained, and the 

angle of deviation a read oflF, then TfTS — > ^ ^ grms. 

of glucose in each cc. of urine. 

120, Blood apjwars in the urine under a variety 
of conditions, (a) It may come from any part of the 
genito-urinary tract, the result of local disease or 
injury, as in acute nephritis, calculous disease, para- 
siteB, cancer, tubercule, etc. ; (b) or it may result from 
OMi».in depraved conditions of the blood itself, as in 
aourvy, purpura, and the htematuria that ofte.ivo.^.^'&.'is. 
eru^ve and continued fevers ot mBJiigt«sA "vj^* \ '-^ 
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or from simple passive congestion, audi 
obstructive forma of teart disease ; (rf) from temfw 
rary disturbance of the renal circulation, as in inter 
mittent fever, or from mental emotion, imd the like. 
The quantity of blood passed into the urine is very 
variahla It may be so small as only to give a smoki- 
nesB to the urine, or so great as to colour the urine 
deep red, and to separate into large coagula in the 
urinary passajjes. It must be remembered, however, 
that a very little blood is capable of giving a very deep 
coloration to urine. In some experiments I made in 
1873, at the lahoi'atory of Charing Cross Hospital, and 
published in the Lancet, I found that only one part of 
blood gave a decided »moky tint to 1500 parts of normal 
urine, whilst 1 part in 500 gave a bright cberry colour. 
Considerable hiEmorrhage8,therefore,are best judged by 
tliB amount of coagula rather than by mere intensity of 
colour. When blood appears in urine and the blood 
corpuacles are recognised under the microscope, the 
condition is termed hematuria ; when no corpuscles 
are to be found, but only the colouring matter, then 
it is spoken of as htematinuria. 

(1) Heematuria. — The character of the hsemorr- 
hage, together with the general and special symptoms, ia 
■usuiUly sufBcient to indicate the part of the genito- 
urinaiy tract from whence it is derived, thus ; — 

{n) Acutn Nephritis. — Smoky to dark brown urine 
pei-siatent for some days, with granular and blood 
casts, and excess of albumin. 

(6) Renal calculus.— Often deep red from excess 
of blood, increased by movement, and passing off 
rapidly if the patient is kept quiet in bed, so that 
only a few blood corpuscles can be seen in the urine. 
Generally accompanied or immediately following a 
severe attack of colic ; retraction of testicle on side 
affected. Vesical calculus ; htemorrhage generally 
fallows undue movement, especially jolting; bkdd^ 
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symptoms, prominent; detection of stone in bladder b}^ J 

(c) Cancer of kidney. — Htematuria very ahundani^^ 
witb large coagula, and repeated at irregular intervala, 
generally tumour in loin. Ciincer of bladder, frequent 
and profuse hcemorrliogfl, cancer cells in. urine, pain 
referable to bladder, and a tumour may be disQOvered 
with sound. 

((^ Morbid conditions of the blood. — Htemorrhagft.i 
often profuse, but rarely attended with, formation <A| 
clot. General constitutional symptoms manifest. 

(e) Intermittent hsematui'ia. — Tlie blood passe 
very irregular intervals, ia generally associated wit 
considerable quantity of albumin and a definite i 
of temperature. In these cases there is usually c 
history of ague, if the disease is not actually i' 
progress ; it if sometimes associated with intermitte 
cbyluria or gout. 

(2) Hirmatinuria. — In these cases only 
colouring matter of the blood is present, no blood 
corpuscles, or only a few, are to be found. The 
attacks come on in paroxysms, attended with a chill, 
and generally accompanied with some degree of nausea 
and slight jaundice. The urine has a port-wine 
colour, and is usually passed clear. On standing 

leposits a graimlar sediment, consisting of a few 
tube casts and librinoiis cylinders, epithelium, crystals 
of calcium oxalate, in some cases crystals of hiematin 
have been observed. From the fact that tie spectrum 
of thia kind of urine invariably shows the charac- 
teristic bands of hsemoglobulin, many writers desig- 
nate the disease beemoglobinuria. But in addition, 
however,, to the bands in D and E characteristic of 
hnmoglobulin, there ia invariably a third present near 
o, which corresponds with tha,t given by methtemo- 
globin in acid EOlutiona. {See Fig. 4, § 95.) Formerly 
methfemoglobinwassuppoaedtote^oi-ox'j-V'Kinia^isSaai, 
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in which case by reduction methKmoglobiu ought 
to yield oxy-hosmoglobin, but it yields, liowevor, re- 
duced heemoglobin. This and other considerationa 
lUEike it probable that mcthieinoglobin, instead of con- 
taining more oxygen, actually contains less than oxy- 
hatiaoglobia, and that as regards iron, whilst this 
body is at its miniraum in oxy-hsmoglobin, it ia at its 
maximum in methiemoglobin. These considerations, 
therefore, make it probable that the oxy-hatmoglobin 
is undergoing a downward change into htemattn. 
The pathology of the disease ia still obscure, though 
the interesting researches of Jafl'^ and MacMuiin 
on the origin of the urinary pigments seem to 
throw some light on it. If the effete hiemoglobiu 
is converted in the liver into hffimatin and then into 
bila pigments, one of which, urobilin, is oxydised 
into choletelin, which appears in the urine ; and if 
this conversion does not always take place, it mny 
be owing to some functional disturhance of the 
liver, the effete hasmoglobin may escape conversion 
in the liver, and be eliminated by the kidney, as 
htemoglobin undergoing the downward change into 
htematin before conversion into choletelin (§ 100). 
That there is some disturbance of hepatic function 
is indicated by the jaundice attendant on this con- 
dition. 

The tests for blood in urine. When due to htema- 
turia, the detection of blood corpuscles by the micro- 
scope affords the best and most positive indication of 
the presence of blood. These, however, vary in 
shape. If the urine is moderately acid they retain 
their natural form a considerable tune, bat they 
become jagged at their edges, lose colour, and no 
longer adhere together. If the blood corpuscles 
become dissolved, then we may try Heller's bfematin 
testj which conaiata in boiling the urine with a 
concenttated solution of caustic potash, when the 
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phosphates cany down the hEematin. as a reddiah- 
hrown precipitate, which by transmitted light has a 
greenish tint ; and which precipitate, treated with 
Bodium chloride and acetic acid, yields crystals 
of hfemin (Fig. 3, § 95). The guiacum teat ia 
best applied by filling a test-tube one-thii-d with 
tincture of guiacum and adding a few drops of the 
suspected urtne, then float about a drachm of etherial 
Bolntion of peroxide of hydrogen on the eurfftce, and 
at the line of junction, if blood ia present, a delicate 
blue colour is developed. This test, however, is not 
to be depended on, except as a general one, since often 
extraneous aubstHncea besides blood may give the 
reaction in ui-ine. If any doubt exists, the spectro- 
scopic examination will reveal characteristic bands of 
Osy-hBamoglobin, reduced hiomoglohin, methcemoglobin, 
or hffiniatin, according to circumstances, and the 
degree of decomposition that has occuri-ed. 

121. Bile. — The conditions which lead to the 
appearance of bile in the urine are discussed in 
chapter v., § 138. Urine containing bile varies from a 
. deep brownish-red to the colour of London porter. 
A linen rag dipped in it acquires a yellow stain. 
Thifl coloration is due to bile pigment. The reaction 
for this ia readily shown by placing on a white 
plate or dish a few drops of the urine, and 
near it a few drops of nitric acid to which 
one drop of sulphuric acid has been added (to form 
free nitrous acid), and then allow the two fluids to 
mix. If bile pigment is present, a play of colour ia 
observable, of which the green tint is characteristic of 
bile pigment {Gmelin's teat). Bile acids are present, 
aa well, in the urine of some cases of jauudice. 
They are detected by adding a few grains of glucose 
to the urine, and then allowing the solution to run ' 
down the side of a test in which a little 
trated sulphuric acid has 'been ^\u£c&.',' 
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reaction [Peltenkoffer't teat) will develop if they are 
present. As some other substances give this reaction, 
if there is any doubt the bile acids must be separated 
from the urine by eviiporating it to a thick syrup, 
extracting with ordinary alcohol, evaporating the 
alcoholic solution, and treating the residue with 
absolute alcohol. Evapoi-ate this solution, and dissolve 
the residue in distilled water, and precipitate the 
solution witli neutral and basic lead acetate. The 
precipitate ia dissolved in water, and decomposed with 
hydrogea sulphide, and filtered. The filtrate is 
treated with excess of sodium carbonate, and concen- 
trated. On standing, long needle-like crystals of 
glycocholate of soda wDl form, with oily globules of 
tuurocholate of soda. 

123. Gbrlous urine. — In the disease known as 
ohyluria the urine has a milky appearance, Bometimes 
slightly tinged with blood, and yields a delicate 
tibriuDUB clot. On standing this clot comes to the 
surface of the urine, and forms a distinct, jelly-like 
layer. This clot possesaea the property of filirin, of 
decomposing peroxide of hydrogen. Besides the 
addition of this abnormal matter, the urine ia little 
altered in its other characters. After the separa- 
tion of the clot, the blood, the extraneous albumin, 
and the removal of the fatty matter by estraction 
with ether, I have found the urea normal in propor- 
tion, though the amount of water is relatively 
increased. The chylous matter is apparently derived 
from the lymphatics, probably due to some lesion of 
those connected with the kidney. The disease is 
sometimes ]>ersistent, hut frequently it is occasional 
and intermittent. There are cases on record in 
which the urine was observed milky on a few occasions 
only, hut never afterwards made its appearance. The 
jDoet completely recorded case of typical persistent 
ob^luria, osaociaieA with filaria. in the blood, ia by 



Dr. Stephen Mackenzie.* Briegerf has given some 
very complete analyses of the night urine ; two, the 
I here appended : 
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Qiumtity of urins . 
Spedfic gravity . 


40Oce. 
1-016CO, 


aoocc. 

1-026CC 



Both urines contained peptones and traces of indican. 
The fatty matters conBiated of ordinary fatty matter, 
lecithin, and cboleaterin. To examine a chylous 
urine, filter off the coagulum, and exhaust it thoroughly 
with ether, water, and alcohol till quite free from fat 
and albumin; dry and weigL Agitate the urine 
with nuccessive quantities of ether till no more fat 
is taken up. Evaporate the etherial solution in a 
weighed platinum capsule, weigh the dried residue, 
which gives amount of fatty matter. (For separate 
determination of the nature of these fatty matters 
Bee § ^2.) The urine freed from fatty matters can 
then be examined quantitatirely for albumin (§ 116), 
peptones (§ 118, No. 5), urea {§ 110), uric acid 
(S 111), chlorides {§ 114), sulphates (§ 115), phos- 
phates (§ 113). 

Apart from chyluria tlie urine often assumes a 
milky appearance, from the presence of fatty matters 
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ia a state of extremely fine aubdiviaion; the urine 
in these cases is generally slightly albuminous, and 
often gives the peptone reaction with capric Bulphote. 
In Blight's disease, fatty matters may appear in 
the urine, appai«ntly derived from the degenerated 
epithelium of the tubules. I have met with a Hniall 
quantity of fatty matter in the urine of a patient dying 
of acute diabetic coma. Plates of cholesterin are 
sometimes met witli ob a urinary deposit. 

123. Cj-Bfln CjH,NSO,. — According to Dr. 
Bence Jones, cystin is constantly being separated in 
the healthy organism, immediately undergoing trans- 
formation into sulphuric acid, carbonic acid, and 
urea. Whenever this chemical transformation is 
arrested cystin appears in the urine. As the com- 
position of cystin is CjHjNSO,, the proportion of 
nitrogen to carbon is four to twelve ; in uric acid 
C,H,K"jO, it is four to five ; and in urea CH^NjO four 
to two i tlierefore twelve, five, and two are the indices 
representing the different amounts 
of aulxixydation in cystin, uric acid, 
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Oanti m'ea respectively. Dr. Bence 
Jones thus regai-ds cystin as repre- 
-^. ^_^ /^^S, ^I'ting the smallest degree of the 
\S^ ^^ S^^/ oxydation of the albuminous prin- 



^~y,.-~^ ciples, in the same way that sugar 

\5^ in diabetes represents the least 

degree of oxydation of the amyla- 
CrjataiBT™ ceous principles. Cystin, however, 
as a urinary deposit ia extremely 
rare. When it appears it forms a whitish or fawn- 
coloured sedimeiit, which is dissolved by ammonia, 
and from which on evaporation it is deposited in 
hexagonal plates (Fig. 13), and which are insoluble 
in acetic acid. Heated in a solution of lead ace- 
tate, a precipitate of lead suipiiide is foi-med, owing 
A? tJie sulphur contained in cystin. The pathological 
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Bignificance of cyatin in iirine is not yet determined. 
I have met with, it in the uriuea of strumous ohil- 
dren, and in adults suffering from disease of the Ever, 
It sometimes is retained in the urinary passages aad 
forms a calculus. 

124 KanlhJn C,HjN,Oj ia a constituent of certain 
rare urinary calculi, and Dr. Bence Jones haa re- 
corded an interesting case of xanthin gravel in a boy 
aged' nine years. The xanthin calculus removed by 
Langenbeck was also from a boy. Dr. Bence Jones 
considers that the xanthin diathesis will be generally 
found to occur in youth, as it ia in the early period of 
life the greatest chemical variations of the body are 
to be expected, and the most imperfect oxydation of 
xanthin into uric acid most likely to occur. To 
separate it from urine, add baryta water till a preci- 
pitate is no longer thrown down; filter, and evaporate 
the filtrate to a syrup, and allow it to crystallise. 
The mother liquor, after the removal of the crystals, 
is boiled with cupric acetate, and the precipitate thus 
formed is removed by filtration, 
washed, and dissolved in warm nitrio 
Hcid. This aoid solution is precipi- 
tated by silver nitrate, and the result- 
ing precipitate washed and crystal- 
lised from dilute nitric acid, and the 
crystals washed with am.moniacal ' 
silver solution, and suspended in 
water. The aqueous solution is to 
be decomposed with aulphydric acid, 
filtered, and the filtrate evapo- 
rated ; the residue yields xanthin. 
Xanthin forms white scales, some- 
what resembling beeswax in appear- 
anca Deposited spontaneously from 
urine it occurs in lemon-shaped plates (Fig. 14, nVs 
these, dissolved in hydrocUotic bkA amfti 'Ona wJwiSiM^^ 
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evaporated, yield pnamatic and hexagonal crystals (i). 
Xanthin is insoluble in water, alcohol, aad ether; 
soluble in alkaline solutions, from which it is deposited 
by a uurreut of carbonic acid gas ; and in strong 
mineral acids. Burnt in air, it gives off tbe, odour 
of scorched hair. Evaporated with nitric acid on 
platinum foil, and the residue moistened with liquor 
potasste, it yields a dark purjile colour. Xanthin 
gives white precipitates, with mercuric chloride and 
silver nitrate. Dissolved in hydrochloric acid, it gives 
with platinic chloride a yellow crystalline precipitate. 
125. Hypoxanthin CbH^N.O has been found 
in the urine of patients suffering from leuGsemia; to 
separate it^ add baryta water and filter off the pre- 
cipitate. To the filtrate ammoniacal solution of 
silver nitrate is added, and tlie greyish-wbite precipi- 
tate collected on a filter and washed. The precipitate 
is then to be suspended in water, decomposed with 
sulphydric acid, the mixture boiled for some time, 
and filtered while hot. The filtrate is next evapo- 
rated to dryness, the residue contains uric acid, 
xanthin, and hypoxanthin. To separate the urio acid 
and xantliin, the residue is to be dissolved in dilute 
sulphuric acid, boiled, and filtered whilst hot ; to the 
filtrate, when cold, mercuric nitrate is added and 
filtered. To the filtrate some ammoniacal solution of 
silver nitrate is added ; the precipitate consists of 
hypoxanthin nitrate and silver oxide. This is decom- 
posed with sulpliydnc acid and hyposantbin is preci- 
pitated as a white, imperfectly crystalline powder, 
rather more soluble in water and alcohol than xanthin. 
It dissolves freely in acids. 

12G. Leucln CgHjjNO, Las generally been met 
with in the urine in cases of acute yellow atrophy 
of the liver, in cirrhosis of that organ, and in severe 
cases of small-pox and typhus. Dr. Anderson, how- 
evat, haa Stuad leucin somewhat frequently in urine 
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under leas severe conditions. He believes that both 
leucinand tyrosin are found in the urine under nunjer- 
OU8 different pathological conditions, whether affecting 
the liver intriuBically, or froai without ; and that aa 
often, or as soon as the patient recovers, these substi' 
tution products for urea first diminish in amoiuit and 
then disappear (Med.-Chir. Soe. Trans., vol. Ixiii., 
p. 245), Without entirely agreeing with all the 
author's conclusions, I believe we should find leucin 
more frequently if we looked for it. Leucin, as well 
as tyrosin, has an interest in consequence of its 
fonnatiou during pancreatic digestion. When present 
is urine, it is only required to evaporate about 
five ounces of that fluid to a thin ayrup, and, when 
cold, leucin in the shape of oily circular-looking discs 
will be deposited. 

liouciu obtiuned from urine is not crystalline, 
but forms circular oily-looking discs (Fig. 15, a) which 
float on the surface of water; 
they generally have a somewhat i 
yellowish appearance, owing to 
the colouring matter of the u 
If this form of leucin be dissolved 
in boiling alcohol, the solution on 
cooling will deposit leucin in ^ig is.— a, iflndni 
crystalline plates. Le\iein is de- '. Tjproain. 

posited from its alcoholic solution 
in white shining plates, gi^easy to the touch, lighter 
than water, and much resembling choiesterin in 
appearance ; it is distinguished from that substance 
by its insolubility in ether. It is slightly soluble 
in cold water, and very soluble in boiling water, 
soluble in 600 parts of cold absolute alcohol, very 
insoluble in ether, melting point 170" C ; is decom- 
posed by nitrous acid, leucic acid being formed and 
nitrogen given off. Distilled with dilute sulphuric 
aaid and manganese peroxide, it ■3iAii& N«iKttyxcftii»-. 
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carbonic acid, and water. FuBed with caustic potash 
it is transfonned iiito potassium valerate, hydrogen, 

127. Tyrosin C»H|,NOj is invariably associnted 
with leucin. To obtain it from the urine ; precipitate 
the colouring and extractive matters with basic 
lead acetate, and filter ; decompose the filtrate with 
Bulphydrio acid and filter ; the clear filtrate is to be 
concentrated, and, on cooling, crystals of tyrosin will 
be deposited. Tite crystals form long prismatic needles, 
'which cluster together to form stellate groups ; aome- 
timea, when obtained from urine, these groups are so 
closely aggregated together as to form halls of spicu- 
lated needles (Fig. 15, 6). The crystals are sparingly 
soluble in cold water and alcohol ; soluble in boiling 
water and in acid and alkaline solutions, the solubility 
being increased by the preaence of extractive matters ; 
insoluble in ether. 

Tyrosin treated with nitric acid turns an orange- 
red colour, which becomes yellow on heating ; this 
touched with a drop of liquor sodte acquires a red tinge. 

' "". niucus and pns. — Pure mucus forms i 



clear trannlucent 



mingled with it, however, s 
epithelial cells derived from 
various parts of the genito- 
urinary tract (Fig. 16) and 
pigmentary particles. Per- 
fectly healthy urine always 
contains a small quantity 
of mncua, which, if the 
urine be allowed to stand 
in a glass vessel, will be 
seen diffused as a line cloud 
in the lower stratum. The 
epithelium is composed of 
bladder epithelium (Fig- 
J6, e^, mixed, in the case of women, with the epithelituu 
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from the vagina. When mucus is increased in quantity 
by any morbid condition of thfi genito- urinary tract, 
we have in addition niucua corpuEcles, and epithelium 
from the part of the tract affected ; ob small rounded 
Tsnal cells (Fig. 16, a) and casta in nephritis; larger 
rounded cells (Fig. 16, 6) from the pelvis and kidney; 
columnar cells (Fig. 16, c) from the ureter, or urethra; 
or large cancer cells in cancer of bladder, and granular 
masses in tubercular disease. Pus is generally present in 
the urine containing an excess of mucus ; its presence 
is indicated by traces of albumin derived from the 
liquor piiris. To distinguish differentially between pus 
and mucus, when both are present, is oftentimes some- 
what diiEcult, especially if, in addition to the albumin 
derived from the liquor puris, there is albuminuria 
from kidney disease. The following reactions will aid 
us in coming to a conclusion : (n) the addition of 
liquor potassfe to a urine containing an excess of 
pus renders it thick and gelatinous, whereas, if mucus 
be in excess it is rendered thinner; (6) mercuric 
chloride added to the urine, if pus is present, the 
pyin is precipitated, but not mucin ; the precipitate 
should be filtered off, and if mucin is present it will 
be precipitated from the filtrate on the addition of 
acetic acid ; (c) under the microscope it is difficult to 
distinguish mucin corpuscles from pus corpuscles and 
other young cell-forms, all swelling up and losing their 
grannlar surface, whilst the nuclei become more visible 
on the addition of acetic acid ; if, however, mucus is 
in excess, a coagulation will often occur in the fluid 
when a drop of acetic acid is added, from precipitation 
of the nracin. The clinical character of the urine also 
may afford a clue. When mucus is in excess, the urine 
speedily undergoes acid ferrapntation and becomes 
more acid, which speedily passes on to ammoniacal 
fermentation. Bunilent uiiiie is usually neuti-al, 
and undergoes alkaline fermenta.ti.O'O. *.\w«\i. "V^wm^ 
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coutaining an excess of mucus, if acid, frequently de- 
posit the mucin in small shreds and cylinders, these 
are soluble in liquor potassce. Oa the other hand, 
purulent urine, when alkaline, deposits white ropy 
etringa, which are soluble in acid. 

Eastraneima substances, — Fuugi, entozoa, hair from 
dermoid cysts, fcetal bones, etc., may all find their 
way into the uiTne, and are beat recognised by their 
microacopio appearance. Sand, eane-sugar, mortar, 
etc., may be added by hyaterical patienta for the pur- 
poae of deception. 

129. Detection of lead in nrlne, — Many 
organic and inorganic poisons are eliniiimted by the 
kidneys and paas into the urine. In cases of poison- 
ing by these substances, however, it is more usual to 
examine the vomit and fteces t)ian the urine, or if the 
patient has died, to seek for them in the tissues. The 
method to be employed in these cases is described 
% 151. It is convenient here to describe, however, 
the process for the detection of lead in urine, as it 
is frequently required for clinical purposes in cases of 
plnmbism, to watch the gradual elimination of lead 
under treatment, especially after the administration of 
potassium iodide. As the amount of lead is often 
extremely minute, the whole twenty-four hours' urine 
should be employed. This should be evaporated to a 
treacly residue in a large porcelain dish, and this 
transferred to a platinum or porcelain crucible, and 
heat applied, gently at first, till nothing but a grey ash 
is left. The soluble salts are then removed by the 
addition o£ boiling distilled water, till a drop of the 
■washings gives no residue when evaporiited on a 
glass slida The washings are to be examined with 
Bulphydric acid, to see that they contain no lead. 
The residue is then treated with equal parts of 
distilled water and nitric acid, and the mixture boiled 
for a few minutes; it ^ the^ filtered, and the filtrate 



Chip, v.] Salii^a. I73'" 

tested for lead: (1) By the addition of sulphydiio 
acid, giving a black sulphide of lead ; (3) potaa- 
aium iodide, a yellow precipitate of lead iodide ; (3) 
potassium chromate, a yellow precipitate of lead 
chromate, insoluble in dilute acids. These precipitates, 
together with the residue not dissolved by the nitric 
acid, and the precipitate given by the snlphydric acid, 
if any, with the first washings with hot distilled water, 
must be placed on a filter and dried. The dried resi- 
due mixed with sodium carbonate, and the mixture 
placed on charcoal and fused by the blow-pipe, when 
a bead of metallic lead will be obtained, wliich repre- 
sents the whole of the lead present in a metallic state 
in the twenty -four hours' urine. 

130. Urinarj' calculi. ^ (^ee Morbid 
chapter vL) 



CHAPTER Y. 

MORBID CONDITIONS OP THE DIGESTIVB SECEETE0S8. 

131. Saliva, as presented for clinical exami- 
nation, ia mijied with oral mucus, and oftentimes con- 
tains portions of food in a state more or less decom- 
posed. It may be obtained fairly pure by directing 
the patient to wash Lia mouth out thoroughly 
with a dilute warm solution of bicarbonate of soda, 
and afterwards with cold spring-water. The inside of 
the mouth should then be lightly brushed with a 
glass rod moistened with a little dilute acid, when the 
mouth wilt fill with a considerable amount of clear 
viscid fluid. To obtain saliva absolutely pure, 
however, a small canula should be introduced into 
the ducts of tie resjiective glands. The saliva 
obtained from the parotid an.A svifernKsSiai^ igaii^^ 
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diffora in quality; the former being rich in ptyalin 
and poor in niucin, whilst the sTibmaxillary gland 
contains a considerable amount of mucin, and but 
little ptyalin. The physiologioal eflect of the 
stimulation of the nerves supplying these two glands 
has been thoroughly investigated and recorded in 
physiological text -books. Here it will only ba 
necessary to recall the results. Thus, stimulation of 
the parotid by Jacobson's nerve, leads to a watery secre- 
tion, containing little albumin, ptyalin, and salts. Irri- 
tation of the sympathetic causes no secretion, but irri- 
tation of both Jacobson's nerve and the sympathetic at 
the aame time, gives rise to an abundant secretion, in 
which the organic constituents abound, but the salts 
are only slightly increased. With the submaxiUary 
gland, stimulation of the chorda tympani produces an 
increaaed flow of saliva ; if, however, the etiniulation 
be directed to the sympathetic filament exclusively, 
the secretion, though abundant, becomes thicker and 
more gelatinous than from stimulation of both filaments. 
Section of the nerves without stimulation often leads 
to the discharge, for days and weeks together, of a thin 
aqueous saliva, the so-called paralytic saliva. Atropin, 
as is well known, paralyses the action of the gland, 
but other substances, such as pilocarpin and eserin, 
stimulate the secretion. Langley has shown {Journal 
of Physiology, vol 1), that by injecting atropin into 
the duct of the submaxillaiy, the secretion can be 
stopped, but by injection of pilocarpin it is re- 
stored. The sublingual and buccal glands also 
secrete saliva ; but in the human subject their 
secretion cannot he obtained separately for examina- 
tion, since it involves tying the ducts of the other 

The mixed saliva has the following approximate 
composition in 1,000 parts : Water 994-94 ; Solids 5-OS 
(ptyaiia 1-2, mucin 1-3, fatty matters 1- 1, salts 1-6). 
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The ptyalin, or diaatatic ferment, may be separated; 
approsimately pure by precipitating fresh aaliva 
dilute normal ^osphoric acid, and then adding lim< 
water j filter off precipitate, and dissolve it in diatilied 
water, from which it is to be precipitated by alcohol, 
collected on a filter, washed repeatedly with a mixture 
of alcohol and water, dried, and weighed. As ptyalin, 
however, has never been obtained quite pure, its 
chemical composition and reactions are doubtful, 
except its energetic action on starch, which it converts 
into maltose and glucose. Mudn may he obtained by 
allowing saliva to fall into a beaker containing sam& 
dilute acetic acid, when it will deposit in strinj 
flakes ; these should be collected on a filter, 
washed with alcohol, dried, and weighed, 
saliva also contains traces of serum albumin 
serum globulin. The fatty matters are estimal 
from the etherial residue as for blood (^ 93). Th( 
inorganic residue is estimated (a) from the has 
by incineration (§101); (J)from theaoidsby volumeti 
determination directly from the saliva, after tht 
removal of the organic constituents, as with tha 
estimation of phosphoric, hydrochloric, and sulphuric 
acid in urine (§§ 113, 114, 115). The salts consist 
chiefly of calcium phosphate, and carbonate, and are 
deposited, unless care is taken, round the teeth as tartar; 
sometimes they deposit in the salivary ducts, and form 
a calculus. The saliva also contains potassium, sulpko- 
cyanate, which is of some interest, from a medico-legal 
point of view, in opium poisoning (§§ 83, 136). 
The variation in the quality and quantity o 
excreted under various morbid conditions has been vi 
inadequately studied. The following are the chief faci 
of importance that have been ascertained. The average- 
daily amount excreted has been placed at 1,500 grms. ; 
this is probably too high, and 800 to 900 gnus, is nearer 
the mark. The daily excretjioii Sa \i«nB»»&."^ ^i^ 
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food. The excretion ia diminbhed in pyrexia, and by j 
the action of certain drugs, particulEirly belladonna. 
Claude Bernard found that dilute alcohol, dilute 
alkaline solutions, and saliva irere all powerful 
excitants of the gastric secretion when introduced 
into the stomach by means of a gastric fistula; but of 
the three saliva was the most powerful. Saliva, then, 
must be regarded as having a twofold function ; its 
diastatic action, and as an exciter of gastric secretion. 
Diminution of its secretion must therefore lessen the 
digestive powers, both as regards the alhuminoiis as 
well as the starchy coustituenta of the food. The 
saliva of new-bom infants has no diastatic action on 
starch. The normal reaction of saliva is alkaline, it 
is often neutral, sometimes acid. The acidity in most 
cases is due to decomposition of organic substances in 
the mouth, though in some diseases, as diabetes, acute 
rheumatism, and mercurial salivation, the saliva is 
acid as it comes from the ducts of the glanda The dias- 
tatic action of saliva is best manifested in dilute alkaline 
Kolutiona at 40° 0., but it also acts in neutra! and very 
dilute acid solutions ; strong alkalies and acids, and 
temperatures above 70° C, stop its action entirely. 
In conditions of debility, and under the influence of 
certain drugs (sialogues), of which mercury, pilo- 
carpin, and eserin are the chief, the amount dis 
charged in the twenty-four hours is greatly increased. 
In water brash the aqueous discharge from the mouth 
undoubtedly proceeds in great measure from the salivary 
glands. Salivation is often met with in hysterical 
females, and is sometimes of an intermittent character. 
I have noticed profuse salivation after injury to the 
upper part of the food tube in a case of attempted 
sulphuric acid poisoning ; the sialorrhjea came on soma 
time after th'.- separation of the eschars and healing of 
the ulcers. Physiological remedies were tried without 
ayail, and the saJivatioa continued till the patient's 
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general lipalth was restored, when it gradually aubsideiL 
Altered saliva is often retched up from the stoioHch 
in cases of chronic gastric catarrh, especially that forra. 
dependent on alcoholism. IIiis retching is most 
frequent in the morning, and stringy masses are 
brought up. These consist of nrncin derived from 
the saliva swallowed during sleep, and deposited from 
it by the action of the acetic and other ncids, produced 
by fermentative action going on in the stomach, just 
in the sajne way as mucin is thrown down from saliva 
when dropped into a vessel containing dilute acetic 

Salivation, as is well known, follows the continued 
use of mercury ; iitid extremely minute doses will, with 
some people, rapidly induce the eoudition. In most 
instances we con trace tjie salivation to the use of the 
drug ; but in some cases, when it has been accidentally 
introduced into the system, either by the stomach 
in quack medicines, or tbrough. tbe skin by bandltng 
Eome material the deJet«riou3 nature of which was 
unknown, it becomes necessary to examine the saliva 
in oi'der to discover the presence of mercury, and so 
get a clue to the cause of the salivation. 

133. Detection of inercurf In saliva. — For 
this purpose the saliva is to be collected for twenty-four 
hours, and dilute hydrochloric acid (one part of acid 
to nine parts of water) added to it. The mixture ia 
heated for two hours in a water-bath, filtered, and the 
filtrate, which sliould be labelled n, concentrated to 
half its bulk. The precipitated Tnatters in the filter 
are then placed in a beakor, filled three parte fi " 
with dilute hydrochloric acid (one part acid to s 
water), and tlie whole heated over a water-bath 
adding from time to time small quantities of potassiun 
chlorate, and constantly stirring to dissolve the 
organic residua When this is corajiletely dissolved, 
filter, and add filtrate to the ^ite'JWMa S6mA» a. 
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Concentnito the mixed filtrates to one-fourth their 
bulk. The solution contains any mercnry tbnt may 
be present as bichloride. To prove the presence of 
mercury, (1) place a drop of the solution on a gold or 
copper coin, and touch with blade of knife ; a bright 
silvery sbiiu will appear. (2) Place a few strips of 
fivre copper-foil in a teat-tiibe, and add a little of the 
solution, and boil ; the mercury will be deposited on 
the surface of the copper-foil. Remove the stripa and 
wash them with very dilute solution of ammonia, and 
dry theta between blotting-paper. Then place them at 
the bottom of a narrow glass tube (German glass), 
and apply heat ; the mercury will be volatilised, and 
deposited as a ring of minute globules at the tipper 
end of the tub& The character of these globules 
can generally be recognised by the eye. If, however, 
they are too small, remove the strips of copper from the 
tube, and dissolve the ring by the addition of a drop 
or so of dilute nitro-muriatio acid, and gently evapo- 
rate the solution. Dissolve the residue in a little 
water, and divide into two equal [jorbions ; (a) tested 
with a drop of dilute solution of potassium iodide, 
it gives a rod precipitate of mercui'ic iodide, Boluble 
in excess of jwtnfisium iodide solution; (i) a drop 
added to solution of caustic potash gives a yellow 
precipitate of 'hydrafced mercuric oxide, insoluble 
in excess of liquor potasaaj. (This ]>roce8s is 
available for the detection of mercury in the solid 
tissues, care being taken to divide them very finely 
before treating with hydrochloric acid and potassium 
chlorate.) 

133, Gastric Jnice is generally obtained for 
examination from a gastric listtila in animals, and con- 
tains saliva, unless the precaution of previously 
tying the ducts of the salivary glands has been 
adopted, Tlie following is an approximate aaalyais 
of gastric jaioe obtained from the human subject, and 
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which, of course, contains a certain amount of saliva : 
"Wftter, 994-6; Solids, 5>4 j jiepsin 3-02, free hydro- 
chloric acid 032, alkaline cliloridea aO, phosphates 
of lime, magnesia, and iron, 0*15. 

134. Bcaction of tbe gnstric Jnlce is acid, 
and varies considerably, according to the statements of 
diiJerent obsei-vers. Thus, Richet, from numerous 
observations on a patient after gastrotomy, gives the 
average acidity aa 1*7, with a maximum of 3'4 a:id a 
minimum of 0'5 per thousand ; Schroder, from obser- 
vations made in a female with gastric fistula, records 
it as low as O'S ; Schmidt, from experiments on dogs, 
gives an average of 2'5, and Szabo, with the same 
animals, 3' per thousand. These variations need not 
be considered contradictory, the acidity of the gastric 
juice no doubt depending much on the nature of the 
physiological stimulus that excites it. This supposi- 
tion receives support from the observations of Schmidt) 
who found the juice of herbivorous animals had a 
lower degree of acidity than that from carnivorous 
animals. One point, however, is certain, that the 
acid is present in a very dilute state, thus confirming 
the results obtained by experiments with artificial 
gastric juice, in which a degree of acidity of 0'2 per 
cent of hydrochloric acid is found to be most effective. 
With regard to the amount of acid withdrawn from 
the blood by the gastric secretion during the twenty. 
four hours, it is impossible to speak with any certainty, 
since the quantity of gastric juice secreted during that 
period has never been definitely ascertained. Griine- 
wald, in a case examined by him, states it as twen+y- 
tliree imperial pints, but this was undoubtedly under 
Jiathological conditions. Parkes considers if we put 
it at twelve pints we shall be within the mai-k. 
Lehmann, drawing conclusions from experiments on 
animals, concludes that the secretion of gistric yw^fb 
in the twenty-four hours amountB to tsoB-XR 
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on additional means of diagnosis in those cases c 
stomach disease attended with the vomiting of acitfS 
matters. His method is based on the fact that if ai 
aqneouB a^d aohition be shaken with ether the latte 
removes a constant quantity of the acid. This, 
the case of mineral acids, is extremely small, hu 
organic ajnds the i-emoval is considerable, The &\ 
ratio which exists, after an aqueous solution of aoidfl 
has been agitated with ether, between the quantity of J 
acid taken up by a ceilaia volume of ether and that I 
whiuh remains in an equal volume of the solutioU'l 
after it has been treated with ether, is called the " ooiM 
efficient of partage," a term originally applied I 
Berthelot. The oo-efficient of partage, in 
mineral acid, is high {above 500) bei 
quantity of acid yielded to the ether is small ; the CO* I 
efficient for the organic acida is low, for the opposit* f 
reason. The following example will render the matter ' 
clearer : lOO grammes of water containing 11 gram. 
of lactie aoid, and 100 grammes of ether agitated 
with this solution removes 1 gramme of add ; so 
when we determine the acidity of the two fluids we 
lind that of the water to be 10 and that of the ether 
1. But supposing the degree of dilution to be teal 
times greater than in the first case, then 100 gramm 
of water which contain 11 gi'ammes of lactic aci 
agitated with an equal weight of etber, will yield to I 
the ether 01 gramme, and retain 1 gramme, the CO- I 
efficient of lactic acid is therefore said to be 10. The^ 
co-efficients of many other organic acida hai 
determined. Some of the most important, as having a 
bearing on animal chemistry, are succinic acid c'=6, 
benzoic acid c'=l-8, oxalic acid c't=9-5, acetic acid 

:14. 6o far as concerns one acid in so 
operation is simple enough ; but when we have to deal | 
with a mixture of two or more we must have recoufsa | 

a series of agitations with ether, ao t'fisA. 'Wft ■v 
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Beparate the acid which is the most readily eoluble in 
ether from the one that is Jess so. By such repeated 
treatmeab of the original acid solution with ether, and 
recording the co-efficient of ptirtage after each opera- 
tion, we are able to obtain the true co-efficient of 
partage for each aciil. Richet has found by repeated 
experiments that gastric juice, when fraahly taken 
from a fistula, baa a high co-efficient of partage corre- 
sponding to that of hydrochloric acid, whilst by 
keeping the juice some time the co-efficient of partage 
gradually fell, denoting the increase of the organic 
acids from fermentative changes taking place in the 
secretion. Another argument pointing conclusively 
iu favour of the acidity of the gastric juice being due to 
hydrochloric acid, is tliat if we estimate the ba.^ea and the 
chlorine separately, we find that there is more chlorine 
than is requii'ed to convert all the bases into cliloridea. 
As Ewald remarks, the excess of chlorine can only 
exist aa free hydrochloric acid, or in an organic 
combination. In addition to this, the fact that the 
determined acidity of the gastric juice as obtained 
experimentally by means of fiatulse closely corresponds 
with the degree of acidity at which the artificial 
gastric juice is most active (viz., 0'3 per cent, of 
hydrochloric acid), ia another point proving that 
hydrochloric acid is the acid concerned in gastric 
digestion, since it has been shown experimentally that 
when artificial gastric juice ia prepared with lactic 
acid instead of hydrochloric acid, a degree of acidity 
six times greater than the natural acidity of the 
gastric jaice is required to effect digestion, wliilat if 
acetic acid is employed the degree of acidity required 
is twice Bs great. 

We must now proceed to consider the maimer in 
which tlie hydrochloric acid of the gastric juice ia 
separated in a free state from the alkaline blood. It 
is oaly recently tJiat an explanation has been offered 
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to account for this seeming paradox. Id IS74,* in. 
order to elucidate this point, I made in the laboratory 
of the Charing Cross hospital a series of experiments, 
in which I found, by introducing an alkaline solntion 
consisting of sodium bicarbonate (5 per cent.) and 
neutral sodium phosphate (5 per cent.) into a small 
U-tube, fitted wibh a diaphragm at uie bend, and 
passed a weak electric current through the solution, 
tliat in a aliort time the fluid in the limb connected 
with the negative pole increased in alkalinity, whilst 
the fluid in the limb connected with the positive polo 
became acid from the formation of acid sodium 
phosphate. Now, one of the chief salts in the blood 
is undoubtedly sodium or potassium bicarbonate, an. 
acid salt with an alkaline reaction; and neutral sodium 
phosphate has also an alkaline reaction. The decom- 
position which occurs between them may be repre- 
sented as follows ; 

Add ■odinm NentnU Hodiam Normal Hodima Acid Bodinm 

earboiLBte. pbosphato. cotbcmate. phaajibiLte. 

NaHjCO, + Na,HPO, = Na,HCO, + NaH^Pd.. 

The above reaction explains the presence of acid 
aodium phosphate in urina To account for the 
formation of free hydrochloric acid in tJie gastric juice, 
sodium chloride is substituted for the neutral sodium 
phosphate, the decomposition in this case being 

Acdd »dlnm Sodluin Sarmiil ntdinjn Hfdrochlorla 

carbonate, oblorldo. oarl>OTmto. aoid. 

WaH,0O. + NaCl -= Na,HCO, + Ha , 

Maly, however, who subsequently investigate 
(1877) the subject with great care, has como to t' 
oonolusion that the hydrochloric acid is derived fi 

• ZojKrf, p, 29, J\i\i 4tti,\«l\. 
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the decomposition of neutral sodium phosphate witli 
calcium phloride, as describeii §§ 79 — 84. 

Practirally, it mutters little wliich riew we adopt, 
since all the salts named aie present in the blood ; the 
important fact being, tliat out of the body a weak 
electrical current will separate the acid from its Viase. 
"Whether tlie decomposition occurring in the body is 
due to the name agency must for tlie present remain a 
matter of conjecture. Whatever be the nature of the 
agency that causes the decora poBition, it must be a 
powerful one to effect the separation of hydrochloric 
acid ft'ora bases for which it haa such a etroiig af^ty 
aa soila or lime. The decompoHition, however, once 
effected in the blood, there is no dilficulty in explain* 
ing the preBence of free hydrochloric acid in the 
stomach, since Graham showed many years ^o 
that this acid poasesses high diSusive power, and 
passes from a mixture through a dialyser with great 

135. Pepsin is most conveniently prepared by 
dissecting off the mucous membrane of the stouiach 
of a recently killed animal, rejecting the pyloric 
extremity. The mucous membrane is then sliced 
into thin shreds, and macerated in dilute phosphoric 
acid till dissolved. The mixture is then strained 
through coarse muslin, and the filtrate precipitated 
with an equal volume of lime-water. The precipitate 
is collected in a filter, well washed, and dissolved in 
dilute hydrochloric acid. The solution is then placed 
in a glass flask, and a saturated solution of cholesterin, 
in one part of ether and four parts of alcohol, is 
passed down to the bottom of the flask by means of 
a tube, and the whole mixture well agitated. The 
cholesterin separates, mingling with the pepsin. The 
cholesterin is removed by repeated treatment with 
ether, leaving the pepsin as a greyish-white powder, 
iasolable in water, alcohol, and ether, but very soluble 
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ia dtluta acids. The acid solutions are precipitated 
by alcohol, aud by neutral and basic lead acetate, but 
not by strong nitric acid, tannic acid, or mercuric 
cbloride. Pepsin by itself has no action on albu- 
minous substances, but, in conjunction with dilute 
add, converts them into peptones. By this conversion 
albuminous substances become more diffusible. TIjub, 
taking the diffusion rate of ordinary albumiu at 100, 
we find that, when converted into peptone, the 
diffusion rate is 7'1 — 9-9; in other words, it ia in- 
creased about twelve times. The natural acid of the 
gastric juice ia, as stated in the preceding para- 
graph, hydrochloric acid, aud the degi'ee of acidity at 
which digestion is best effected was put at about 
0-2 per cent, of the real acid. The proportion be- 
tween the quantity of acid and the quantity of 
pepsin required to reduce a given amount of albu- 
minous material may be thus stated. If, during 
artiticial digestion, the process comes to a stop, the 
addition of some dilute acid will set it going again. 
After a time, however, the addition of acid is not 
sufficient, and more pepsin haa to be added. The 
quantity, however, of pepsin reqmreil, as compared 
with the quantity of albumin digested, ia really very 
small The action of gastric juice on the various 
food-stuffs can be readily studied by means of a 
glycerin extract of pig's stomach,* and a 0-2 per 
cent solution of HCL With fata, the gastric juice 
dissolves the albuminous envelopes of the fat cells, 
whilst the temperature {40° C.) at which digestion is 
carried on renders the solid fats fluid, but no real 
chemical change occurs. Gastric juice has no action on 

* TbiH u mada by mincing the moconi meDibrane of 9, pig'i 
itomoeh, and oovering it with glycerin. After standing fotty-ci^t 
houra, tlie eljoorin is Btroinsd off, and more gtyoerin added to the 
— rj.._ and thiH again r" — " — ' "" ""*"" '" "■" * ''" 



all the pepsin Itw been estnuted. 
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the atarehy mutters of the food, but it does not put a 
atop to the conversion of Btaroh into glucose by the 
salivft. Gastric juice dissolves g'.laliniferoua tissues ; 
that is, gelatin, after digestion, with Mlificial gastric 
juice, loses the power of gelatinising. The casein of 
nhUk is coagulated before being converted into 
peptone; this curdling is apparently caused by some 
ferment which seta up lactic acid fermentation (Ham- 
mareten) of the milk sugar, and is not due to the 
acid of the gastric juice itself. All proCeid bodies, 
with the exception of lardacein, are converted into 
peptones by the action of pepsin in dilute acid solu- 
tions. The circumstances chiefly influencing gastric 
digestion may be thus enumerated ; Digestion pro- 
ceeds best at temperatures between 35° and 40° C. ; 
boiling destroys all action ; neutralisation, or the 
presence of too much acid, arrests the action ; the 
concentration of the products of digestion retard 
digestion; minute subdivision, by increasing the 
surface acted on by the gastric juice, favours 
digestion ; alcohol, strong alkaline mixtures, and 
salts of the heavy taetals, also interfere with the 

135 a. Peptones, as obtained by the action of 
gastric juice on proteid sulistauces, are white amor- 
phous bodies, giving an acid reaction to litmus paper, 
soluble in water. Their solutions are not ooagiilable 
by heat, nor by mercuric salts, tannic acid, mineral 
a-^'ids, or alkalies. Bile, added to an acid solution of 
peptone, precipitates it The reason of this is not 
clear ; it is probably analogous to tlje precipitation of 
para[ieptone that occurs on neutrahsation with sodium 
carbonate. When fjuite pure, i.e., free from un- 
digested albumin, they should give no reaction with 
Millon's test or the xantho-proteic reaction. Mixed 
with Pehling's solution, they give a purple-violet ; 
^at, when Boated on the snrEaoe, the coloration at 
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the junction of tie two fluids is rosy red. Aocording \ 

to Dr. GeorgH Johnson, they are precipitated by 
picric acid, the precipitate being ^e^^issolved when 
heated, liiis last reaction, in my opinion, is due to 
the presence of a bye-product, parapeptone or hemi- 
albumose, rather than chnracteriatic of the true 
peptone. The peptonea all possess Itevo-rotatory 
power. There are several varieties of peptones. 
According to the original view of Meiaaner, there 
is a bye-product resembling syntonin, which he 
colled parapeptone ; intermediate products, called 
metapeptone and a and b peptones ; and the true, or 
0, peptone. Kilhne considers that the initial step in 
both gastric and pancreatic difrestion is the breaking 
up of albumin into anli-albumoae and liem^lhumose. \ 

The former is converted into antlpeplone, which ; 

undergoes no further change, either by the action of I 

gastrio or pancreatic digestion, and gives the reactions j 

above described as characteristic of true peptone ; the 
latter is converted into kenti-peptime, which, by the 
action of trypam, the pancreatic ferment, is converted 
into leucin and tyrosin, and to which we shall refer 
■when speaking of the pancreatic j nice. With regard to 
the two bye-products, atUi^albvinuiae and keJnirallntmoBe, 
the former may be regarded as identical with Meisa- 
ner's parapeptone, and the latter with his 4 peptone. 
"With regai'd to their characters, anti-albuvwse, or | 

parapeptone, is insoluble in water, soluble in dilute 
acids ; and the acid solution is precipitated by potas- 
sium ferrocyanide, mercuric chloride, taimic acid, and 
picric acid. Hemi-albumose, or Meissner's A peptone, 
ia Bolulile in water at 70° C, but is re-precipitated on ) 

cooling, soluble in 10 per cent solutions of sodium | 

chloride ; it thus resembles the " albumin " found in 1 

the urine of a case of oateo-malada by Dr. Bence j 

Jones, With regard to the composition of the 
bodies, they are generally rogaidei oa ^wa^"*** 
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albumtTiale, and are formed by albumin taking up 
water, aa sta,i-ch doe§ to form glucose. Henninger 13 
said to have proved this by chaoging peptone back 
to ayiitonin liy the abstraction of water. The clinical 
interest attaching to the peptones is their appearance 
in urine under various morbid conditiona. The 
method for iaoiating these bodies is described § 118, 
page US. 

136. Fomiled matters, — Vomiting is induced 
(a) directly, by stimulation of the stomafh ; (6) indi- 
rectly, thi-oLigh the iriitation of other and distant 
orgaoB. In the firat category we have to consider the 
vomiting in relation to diseaae of the organ, cancer, 
ulceration, Bti'icturo of the pylorus, or poisoning by 
corrosive poisons, etc.; and here we have to determine 
the conditions with regard to the digestion of th6 
food ingested, the acidity of the gastric secretion, tha 
presence or absence of blood or bile, cancer cells, and 
sarcinffi. In the second category, viz., vomiting pro- 
duced by irritation of distant parts, the retching 
produced by tickling tbe fauces is the most femiliar; 
but reflex vomiting may be produced by irritation of 
any organ ; tbns, the vomiting in uterine disease on 
the passage of renal or biliary calculi; the early 
vomiting of phthisis and in disease of the brain ; or 
it maybe caused through the nervous system by toxio 
agenta, as tobacco, lobelia, opium, etc. ; or by blood 
poisons, as in erysipelas, septicLemia, gout, etc For 
clinical purposes, the chemical examination of vomited 
matters may be limited (1) to an inquiry into the 
nature of acid present, whether due to hyper- secretion 
of gastric Juice (excess of hydrochloric acid), or from 
fermentative changes occurring in the stomach (excess 
of lactio or acetic acid) ; (2) the detection of poisonous 
Bubstances in the vomit 

(I) Detennining atnount and Tialnre of aai'd 
present m vomit. — ^In directing our treatment with 
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regard to stomach affectiona it ia of the utmost im- 
portance for ua to recognise whether the acid present 
in the vomited matter ia due to hyper-secretion of 
gastric juice (hydrochloric acid) or to fermentatiye 
changes, lactic acid, etc," Nor ia it sufficient to 
rest content with one examination only, since in 
these cases it often happens that both forms may ba 
present, but that one preponderates more at one 
time than another. Thus, Dr. Golding Bird states 
that in a case of scin-hous pylorua he found at 
one time a quantity of free hydrochloric acid in one 
pint of vomit equal to twenty-two grains of the 
pharmaceutical acid, with an organic acid suffi-cient in 
quantity to nentralise seven grains of pure potash. 
At another time the hydrochloric acid had nearly 
disappeared, and the quantity of oi^anic acid in each 
pint requii'ed for saturation nearly seventeen grains 
of the alkali. If, therefore, we ai'e desirous of giving 
relief we ought to follow regularly the 
in the character of the acid in the vomited matt 
For this purjioae the following plan of procedure 
be found easy as well as reliable. The vomit 
poured into a tall cylindrical glass jar, and allowed to 
settle. Of the supernatant fluid draw off 100 cc, 
80 much cannot be obtained, then 50 cc. or i, 
Shake this up with an equal weight of ether 
cylindrical tube, set aside till the ether has separated 
from the mixtura Then remove etherial solution by 
nieans of a pipette. Now, as it has been stated 
(§ 134, page 181), that the organic acids 
readily removable by ether than the mineral a^ids, 
that the acidity of the etherial solntion represents 
the main the acidity due to organic acids, whilst 

i endeavoored in diacriminBte between the form 
mot with in tunolional diflordera of the si 
I the oondition of the a ' 
"Moibid OonditioDB of theUiiae." 
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acidity of the vomit, after extraction by ether, repre- 
sents nearly the whole of the mineral acicia (hydro- 
chloric). If, thei-efore, we take the acidity of the 
supernatant fluid of the vomit before agitation with 
ether, by the same process aa directed for determining 
the acidity of urine (§107, page 112), and again after- 
wards, we can judge by the difierence in the acidity 
vhether tbe organic or mineral acid is in excess. 
If the former, the reduction in the acidity will be 
marked ; if the latter, it will not be oonsiderabla If 
we desire to find out what or^nic acids are present, 
the vomit will have to be treated repeatedly and suc- 
cessively with ether till the co-efficient of partage of 
each has been determined. There is no necessity, how- 
ever, for engaging on this lengthy process ; for clinical 
purposes it is sufficient to determine whether we are 
dealing in any given case with excess of organic or 
mineral (hydrochloric) acid. 

(2) Detection of poieons in vomit. — Without 
engaging in the elaborate and exact processes of 
analysis requisite for toxicological purposes, and 
which, when required for medico-legal purposes, should 
always be conducted by a professional expert, medical 
men frequently have to decide, when called to a case 
of urgent vomiting, whether it is due to a poisououB 
agent. In these cases there ia genei-aUy no time to 
refer the matter to an analytical chemiatt Every 
medical man, therefore, ought to be able to conduct a 
preliminary enquiry, so as to gain some insight as to 
the nature of the case with which he is dealing. As 
a rule a clue is afforded by the character of the 
symptoms, which show whether t^e poison belongs to 
the irritant class, or is a corrosive substance, or c 
the vegeto-alkaloide ; and we have generally soi 
the substance taken left, which also materially assists 
thus we readily recognise oil of ahnonds, vermin paste, 
a// o£ vitriol, oxalic acid, and the like. But where th> 
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substance cannot be obtained for inspection, and the 
symptoms are obscure, we are forced to make an 
elemental^ analysie. The plan to be adopted is as 
follows V — Reserve ft sufficient portion of the vomit for 
detailed esamination at the hands of an espert ; place 
this in a strong bottle tightly corked and sealed. With 
regard to the surplus proceed according to the follow- 
ing method, which deals with the most common forms 
of poisoning. 

(a) Volatih pohona. — Place a small quantity of 
the fluid in a teat tube, and gently warm the fluid; if 
prusaic acid is present, the pecidiar odour will be 
evolved. The best confirmatory test for this is to 
place a little of the vomit on a small watch-glass 
or giass slide, and add, by meana of a stirring-rod, 
five or six drops of strong sulphuric acid ; hold 
over the watch-glass another moistened with liquor 
potassie. The fumes of the hydrocyanic acid form 
potassium cyanide. This is tested by stirring it 
with a rod dipped auccessively in a solution of a 
ferrous salt, ferric salt, and hydrochloric acid, when, 
if hydrocyanic acid is present, Prussian blue will 
be developed. If no hydrocyanic acid be found, 
apply strong heat to another portion of the vomit 
placed in a narrow tube, and carry the tube into 
a darkened I'oom to see if fumes of pko«phorua are 
given off. 

(6) Corrosive poisons. — Test with litmus pajwr ; if 
strongly acid, probably oxalic acid (§ 47), sulphuric acid 
(§ 82), hydrochloric acid (§ 79), or carbolic acid {S 50) ; 
if strongly alkaline, due to some of the canstic alkalies 
or alkaline salts. 

(c) Metallic irritant poisons. — Some of the vomit, 
acidulated with pure hydrochloric acid, is placed in a 
test-tube, and a strip of perfectly clean copper, dipped 
in alcohol to prevent fatty matters adheiing to it, is 
then immersed in the aciduUteA HvvtWte, «si.4-^«^_ 



igz Clinical CHEMisrifv. ictap. v, 

applied for about twenty minutes. If arsenic, anti- 
mony, or mercury is present, the copper will be 
Btained black. Bemove the copper strip, and wash it 
with a little very dilute solution of ammonia, and 
then dry it between folds of blotting-paper. Then 
place in a narrow glass tube, and proceed as directed 
for the detection of m&rcwey (§ 132), ars&iie and 
aviimoiiy {§ 151). 

Strycknvne and morphia.- — ^A small portion of the 
vomit ia to be rendered strongly alkaline with sodium 
carbonate, and agitated with four times its volume of 
ether. After the etherial solution has formed a layer 
on the surface, it is to be removed by means of a 
pipette, and allowed to evaporate spontaneously in a 
watch-glass ; the residue is to be examined for mor- 
jihia (S 70), strychnia {§ 71). It is often sufficient j 
to place a drop of the etherial solution on the tongue, 
by means of a glass rod, to learn the character of 
the alkaloid. If a frog can be obtained, evidence 
of poisoning by an alkaloid is then most readily 
obtained by injecting some of the ether extract under 
the skin. 

Opium. — Evapoi-ate a small portion of the vomit 
on a porcelain dish ; touch the dry residue with ferric 
chloride ; a cherry-red colour, which does not disappear j 
when touched with mercuric chloride, indicates the 
presence of meconic acid (§ 83). 

137. Onses In the stomach. — The nature of ' 
the gaseous contents of the stomach in health and 
disease will be best considered with reference to the 
gases in the intestinal canal (§ 1 50). 

138. Bile,— The composition of the bile varies 
considerably, the proportion of its solid constituents 
ranging from 9 bo IT per cent, being always most 
after a meal. The foUowing analyses, (I) made by 
Frerichs, is from the bile taken from the gall-bladder 

of a healthy man killed by en injury ; (2) the n 
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five analyses Ly Hoppe Seyl 
ill the post-mortem room : — 


r, obtained from bodis^ 




No. 1. 
Frcrldhs. 


Hoppe^a^Tlar. 


Water 

Inorgamc anlta .... 
Organic matter .... 

S^S'^"": ; : : 

Fat 

Cholesterin I .... 
Lwithin J 


85-92 

■78 

13'30 

%m 

■26 


91-68 1 
8-32 ' 

129 
3-90 
0-73 

(J-30 
0'3S 

(0-S3 



Obtained fresb, as it flows from the liver, it is a 
tbin, transparent fluid, of golden-yellow colour, like 
yolk of egg, of a, very bitter taste, of alkaline re- 
action, and an average ap. gr. of TOIS. When 
obtained after death, the colour is of brownish- 
yellow ; it acquires a tenacious consistence from the 
presence of mucin, which is furnished by the gall- 
ducta and gall-bladder. Bile mixes freely with oil 
and fat, and, when shaken, with them, forms an 
emulsion, which renders their passage through animal 
membranes more easy. Added to a solution of gastric 
peptones, a precipitate occurs ; this precipitate ia 
caused, no doubt, by the alkaline salta of the bile 
precipitating the parapeptooe from its ucid solution. 
The quantity of bile secreted increases suddenly after 
a meal, i-eaches it« maximum in about two hours, and 
then gradually declines. The quantity of bilo dis- 
charged daily may be put at forty ouncea Thus, 
Carpenter, fi-om tjie experitnenta of Nasse, Plainer, 
and Staekman, calculated that a man weighing 154 
pounds should secrete thia quantity ', 'fl\t\li&\.l&axOeJsRia. 
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rftconln {('iwft c\.y,\n., DwejmcB of Liver) an instAooe 
wlioro (utitc two pints of bile were discharged daily 
Ihrongh a fistulous opening in llie gall-bladder. Of 

I tliia quiinlity, only a small portion escapes by tha 
bowel, the remainder being re-absorbed in the mte»^ 
tines, llius, the experimeuta of Bidder and Schmidt 
on dc^ libive ehowa that only ^^ih oi the sulphur 
uri)(itially pussoil into the intestine with the bits 
u]>]>narB in t1ii> fiMses. DinchofT, again, has calculated 
tliiit abuut 4(S grmiii. of the altei'ed biliary aoids em 
diHoliarfi;od by nian rlaily with his fceces, whilst Volt 
httH shown thiit the average daily quantity formed by 
the liver amount* to 170 grms, ; therefore 124 grma. 
niuHt bo otlierwiso Uiajjosi;:! of. The observations at 
Jufffi and McMimn have shown that the bilirubin of 
the bile pigment is oxydisi^d in the intestine to uro- 
bilin, in which condition it is absorbed, and passes olT 
from the l>ody by the kidneys as the chief colouring 
matter of the urine, either as urobilin or its more 
oxydiHofl product oholetelin, only a portion of the 
biliary pigmont Iwing diachnrgcd by the intestinoa 
with the fiecea. As Murchijwn pointed out, this 
ro-ahtmi'ption of bile is, in fact, merely part of that 
ohoniical eii'ciilntjon which ia constantly taking place 
between tho lluid contents of the bowel and the blood, 
the existence of which has been already alluded to 
(§ 0). Itile has no action upon the digestion of pro- 
teid BtibatnncQB, beyond tlie negative effect of preci- 
pitating pampeptoLie, as notiood above. The bile 
rrf some animals has an action on starch, oonvoi-ting it 
into glueose; and some olwervera state that, to a 
alight extent, a similar action occurs with quite 
fii'sh human bile. It ituls, however, on the fatty 
Bubstiinci*a by forming an uniulHion with them j this 
outi Im seen by placing a drop of cKl-liver oil on a, 
gItiKs slidis imd addijig a drop uf fresh bile, when a 

niUky emtiUion irill ho formed. Owing to the alkalinn 
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saltA, bile is capable of forming soaps with fatty 
acids. Esperimentally it hae been shown, after ap- 
plying a ligature to the common duct, that tui 
animal absorbed less fat than before. It has also 
been pointed out that, where biliary fistnlae have been 
established for a considerable time, nuti-ition was 
only kept up so long as the loss was compensated by 
increased food. Bile acts as a natural purgative, by 
stimulating peristalsis ; and, since it possesses powerful 
antiseptic properties, it arrests putrefactive fermenta- 
tion in the intestines. A defective secretion of bile, 
therefore, is one of the chief causes of flatulent 
dyspepsia. In my work on " Morbid Conditions of 
the Urine associated with Derangements of Diges- 
tion" (p. 49), I have pointed out that the foi-m of 
dyspepsia arising from deficient secretion of bile is 
frequently attended with an alkaline condition of 
urine, since the bile, being the chief secretion by 
which the alkaline salts are discharged from the 
blood, any hindrance, therefore, to the discharge of 
the bile leads to their being eliminated in greater 
quantity by the kidney. It is in this form of 
dyspepsia that the greatest good is obtained by the 
administration of dilute hydrochloric acid. Dr. Wick- 
ham Legg is of opinion that the passage of bile into 
the intestine appears in some way necessary to the 
formation of glycogen by the liver, since, after liga- 
ture of the bilo-duct of a cat, the diabetic puncture 
failed to give rise to sugar in the urine. In jaundice, 
a yellow tingeing of the skin, as well aa the other 
tissues and fluids, takes place, owing to the presence 
of biliary matters in the circulation. Jaundice is gene- 
rally considered as being either heplogenows, canaed 
by re-absorption of bile either from obstruction of the 
bile-ducts or from disturbances of the portal circu- 
lation, and hcEinatogeiumg, from changes occurring in 
the blood. Among Uie catiaefi \B8&.T\^\ft \igt^\jnymfnM 
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jaundice are, (1) Biiuple catarrh of the bile- ducts, 
either by a mucus plug ill tlie gall duct or by swelling 
of the mucous fold over the orifice of the duodenum, 
accompanied with gaatro-inteatinal catarrh, aa is seen 
in nialarial fever, secondary sypliilis, pycemia, etc. ; 
(2) direct obstruction of the ducts, as by impaction of 
gall stones or the presence of tumours ; (3) sudden 
changes of blood pressure, as hemorrhage from the roots 
of portal veins, which favours the imbibition into the 
circulation of the secreted bile. The icterus menstrualis, 
and the jaundice 80 often observed in pneumonia of 
the right lung, are probably caused by the alteration 
of tlie blood pressure in the portal system. 

Hmmatogenoue jaundice ia accounted for ; (o) Tliat 
when the destruction of liver tissue is extensive, the 
pigmenta of the bile are formed in the blood, (b) That 
the bile pigment in these cases is obtained by the disso- 
lution of the blood corpuscles, and by the conversion 
of the hiemoglobin into bile pigment. Among the 
forms of jaundice, of haraatogenous origin, are the 
juundico of acute yellow atrophy, phosphorus poisoning, 
typhus, pytemia, and septicjemia, and the jaundice fol- 
lowing the bites of venomous animals. With regard to 
the theories supjiorted in advance of a true hnmato- 
gonous jaundice, it will be auffiaienttosay, with regard 
to the view that jaundice arises when the liver is exten- 
sively desti-oyed, by the accumulation of the bile pig- 
ment in the hlood, that physiology has long since dis- 
posed of the view that the biliary elements are pre- 
formed in the hlood ; they are only elaborated by the 
liver. With respect to the stittemeot tliat the jaundice 
in these cases is due to dissolution of the blood cor- 
puscles and the conversion of the hiemOHlobin into bile 
pigments, experiment has shown that a variety gf 
difl'erent substances, poasessingrtuite a divei-secharacter, 
iiitroAuceA into the circulation, such as water, bUa 
aaids, ether, oblorotorm, etc , hftve the ^wet of cai 
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bile pigment to appear in the urine ; but tliat is quit* 
a different matter to converting hicmoglobin into bile 
pigment in the circulation without the intervention of 
the liver. If dissolution of the blood corpuscles, and 
the conversion of the hiemoglobin into bile pigment 
■was, aa the propounders of this theory maintain, the 
cause of hiEmatogenoiis jaundice, then scurvy, in which 
the dissolution of the blood corpuscles is carried to 
a great extent, would be invariably asaociitted with 
jamwiice, which, however, is rarely the case. In that 
obscure disease hEematinuria (§ 12D, page 161), where 
the colouring matter of the blood appears in the urine 
freed from the corpuscles, jaundice, though generally 
present, is only slight, certainly not what would be 
expected with such extensive destruction of blood 
corpuscles. Indeed, it is probable that hsematinui ' 
defiends rather on some functional disturbance 
liver, by which the effete hiemoglobin is n 
duced to linmatin, and from htematin to bilirul 
as a failure of a normal process, tlian from 
positive evidence that the dissolution of the bit 
corpuscles is caused by the introduction of a to] 
agent into the blood. Moreover, in addition to the 
objections above urged to the existence of an hcema- 
togenouB jaundice, the opinion is gaining ground that 
in the cases where it is said to occur there exists some 
overlooked catarrh in the capillary system of gall dui 
and so that the jaundice is really heptogenous. 
microscopic examination of the livers of dogs poisont 
with phosphorus has shown incontestably that the finC 
ducts were plugged with a colourless mucus ; and whi 
■we reflect how readily the bile has been sho^wn, 
mentally, to pFiss into the circulation on the slight 
increase of excretory pressure, we can conceive how 
very slight exudation in the finer tubes may cause very 
appreciable jaundice, although the obstruction of the 
tubes may not be visible to tive ■na.kfcd fc^ft. \sm^'^.,'^i»i 
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tupportnm of tlic inumatogRnouH thenry havQ long held 
tfio view that in those chbcb the btlo iicids are not 
loiiml in tlio urine, yet iii the jaundice aBHociated witli 
pyajmiu and uepticromia, which ia one of their stronK"Bt 
itkBtaiices of a Jaundice arising from blood poiuoning, 
the presence of the biliary ooidB in the urine haa been 
repeatedly demonatrated. The position I would take 

, with regard to the existence of a htematogenou* 
jaundice ia tliin, that there is a t'orni of Jaiiiidicii arining 
from a primary morbid condition of the bloodi wUiob 
loadfl to catarrh of the finer hepatic ducts, and no 
causes jaundice from re-nhsorption of bile already 
formed by the livor colls, and that the jaundice is not 
occasioned by the convorsion of bieinoglobin into bils 
pigment in the ciroulntioii, Witli iliia proviso it 
IB convenient to retain the term hu-matugenous oa 
difltinguisliiug bolween the fornix of jaundice ariiiing 
from primary chiiugen, ocuurring in tlio condition of 
thii blood, leading to catarrli of the tincir biliary dnct*^ 
us apart from the jaundice arising dirertly (hcpto- 
genoiis) from (ibfttruotion, 

The anttlysis of bile is eont|u(i(«d as follows, 'I'ho 
Bpeciflo gravity ix taken by meiinH of tho s|iecifia 
gravity liottle (S 92), and the ditgreo of nlknlinity of 
the Sdcrotion by the proccHH, and with the samfl 
stJindard Holution as dt'scrlbed in determiniog the 
alkalinity of blood (g fiS). 

13D. The nmcln is then to be removed by pre- 
ci|)itittion with alcohol or acetic acid. On the addition 
of either of these to bile, stringy ropes of touoiu are 
formed. These must bo allowed to subside, and the l>l]e 
tbus clarified deuonled off and passed tliroughafine 
muslin filter. Thin is divided into two poiliona fa) 
evapoi-at«d at a gentle heat to one-fourth it» bulk. 
This forms intjjvualed bile extract, (6) Kvuporated to 
h/iJt ita bulk, mixed with an e()u»l <]usnlity of animal 

R&anwa4 and introdooed into & flulc eoutuning ' 
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its bulk of alcohol, it Is digested till wanted. This 
fonuB aliiolwlic bile extnict. The stringy ropes of mucin 
are then collected in a fluak, and shaken up with ether 
to frue tliem from fatty matters, and ufUsrwarda washed 
with water. When quite pure from udliering impui'i- 
tiee, dissolve in a siifBciency of lime or baryta water, 
filter seyeral times throtigh animal charcoal to remove 
any oolonriiig matter of the bila Testa for mucin, 
§2G. 

HO. Bile pi|f moots are obtained for examina- 
tion from the inapiasated bile extraot or from gall 
atones. The chief pigment, bilirubin, can be ohtained 
fioia either of the above-named by exti-actiag succea. 
fiively with water, alcohol, dilute hydrochloric acid, 
boiling alcohol, and ether. Then boil the dry residue 
with pure chloroform, and distil the cliloroform extract 
to near dryness, and then, add several volumes of 
absolute alcohol ; set aside for twenty -four hours, when 
an orange-red powder mixed with a few bluish-brown 
crystals will deposit. Bilirubin is inaoluble in water 
and eth«r, slightly soluble in alcohol, but soluble in 
chloroform, turpentine, and benzoL On the addition 
of alkalies to a ohlorofornuc solution of bilirubin it 
loses its orange-red colour. Ou passing a cuiTent of air 
through an alkaline solution of bilirubin, biliverdin 
is formed, which is deposited in green flocks on the 
addition of hydro<:hloi'ic acid. Bilifuscin is another 
pigment, whidi con be obtained directly from the bile 
by evaporating a chloroform solution to dryness, dis- 
solving the residue in alcohol, again evaporating, and 
shaking up the reHiJue with ether and chlorofcrm, 
separating the inaoluble portion by filtration, and dis- 
solving it in absolute alcohol, from which bilifuscin 
is precipitated in brown flocks on the addition of 
hydrochloric acid. These flocks are soluble in alcohol 
and alkalies, but insoluble in water, etiier, and chloro- 
form. According to StSdeler, both bilivaidisv «sii 
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bilifuscin are formed from biliruLin by the a 
tion of H'at«r, tlius : 



Bilimbin. 



Altbougt none of the bile pigments mentioned above 
give any apectnim, there are other colouring matters 
got from hile by treatment with stronger reagents than 
those required for the separation of bilirubin, bili- 
verdin, and bilifuscin. Thus, by passing nitrous 
vapours into an alcoholic solution of bilirubin a final 
product of oxydation is obtained, which has been 
named elwletelin.* By pouring the alcoholic solution 
into water after being thus treated, nearly all the 
colouring matter separates in the form of Sakes, which 
dry up to a brown powder, which is soluble in alcohol, 
ether, and chloroforra. It gives no play of colour with 
nitric acid, but it yields a constant spectrum, which, in 
an acid solution, gives one broad band, extending from 
6 to a little beyond F. In alkaline solutions the hand 
is less refrangible. JaffS also isolated a pigment, which 
gives the baud at P, to which he gave the name of 
urobilin. R. Maly {Ann. Chem. Plutrm., cbd. 308, 
clxiil 77), by dissolving bilirubin in dilute soda or 
potash ley, and adding sodium umalgam, the air being 
excluded, no hydrogen was given off, but the dark 
colour gradually lightened, and after two or thi'ee 
days' action the solution acquired a yellow or bright 
yellow colour, and then gave off hydrogen. From 
tliis liquid, hydrochloric acid separated a pigment, 
which gave a H[)ectrum identical with that of Jaffa's 

* In the foUuwing I have adoptsd MaoMunn'i account of tlita 
itilncnte and still otacure lubject. " Tlie 8pNtro«coue in Mfirfi. 
mnB."p.l5L ChanMM 1880. 
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nrobilm. Recent investigations seem to point to the 
conclusion that choletelin is the final oxydation product 
of bilirubin, and that urobilin is an intennedinta stage; 
and that while urobilin maj appear in tlie urine, etill, 
under normal circumstances, the pigment that appeavs 
in the nrine is choletelin, though it may be absent in 
disease. In addition to urobilin or choletelin, Stokvis 
(S. Rsp. Phann., xxi. 123) has described another 
reducible product of the oxydation of bile pigment, 
wbich is formed as a secondary product, in moat cases, 
of the oxydation of biliary colouring matter; whereby 
Gmelin's reaction is produced (§ 120). It is colour- 
less, or of a light yellow tint, soluble in water, alcohol, 
asd dilute acids. It differs from the bile colouring 
matter, and other osydation products, in being insoluble 
in ether and chloroform, and not forming insoluble 
comj)oundB with neutral or basic lead acetate. When 
boiled with reducing agents in alkaline solutions this 
pigment yields a beautiful rose red, which gives in the 
spectrum a broad band in green. In thick strata the 
band begins close to D and extends to 6 ; in thin strata 
or dilute solutions it occupies only two-thirds of the 
distance between d and b, ending short of E. This 
pigment does not exist in fre«h bile, and it is not found 
in healthy urine. MacMunn thinks that tlie appearand* 
of the band of this pigment in the spectrum of tha 
urine indicates grave disturbance of the system, as it 
appears only in those cases where there is undoubted 
disease of a severe character. With regard to the 
connection between the colouring matters of the blood,, 
bile, and urine, it is now generally held that the e:'" ~ 
htemoglobin is reduced in the liver to hxmatin and 
robin, that a portion of the latter is passed out of 
body witli the fteces, but that another portion is i 
verted into urobilin in the small intestine, and 
reabsorbed, and by further oxydation ia converted into 
choletelin. The view that Ixtemttlolim BsA\i&.\"o>sisi. 
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are identical is still open to question, though I think 
the balance of evidence at jireseiit rather inclines to it. 
To demonstrate the preseuce of bile pigment in any of 
the secretions recourse is hod to Gmeliu's reaction. Thia 
consiata in slowly mixing (§ 120) a few drops of nitric 
acid, contaiuiiig traces of uitrous acid, with the sus- 
pected fluid, when a play of colours will be observed, 
of which green ia alone chamcteriatic of the bile 
pigment If we examine thi" reaction by means of 
the spectroscope, we find the solution gives a broad 
shading in orange and yellow, and a broad, band at v. 
Ah the oxydation proceeda, the sliading in orange and 
yellow clears up, leaving only the band in s, the 
spectrum of urobilin. 

141. Bile acids. — The method for obtaining the 
bile acids from urine has been described § 120. To 
obtain them from bile we add excess of alcohol to the 
alcoholic extract of bile, and filter. The precipitate ia 
dissolved in water, and the aqueous solution precipi- 
tated with neutral lead acetata The precipitate ia 
removed, washed, dissolved in alcohol, and the lead 
removed by precipitation with sulphydrio acid. The 
clear filtrate on standing will deposit crystala of 
fflycoclwlic acid (5 53). The mother liquor left after 
the removal of glycocliolio acid ia precipitated with baaio 
lead acetate, and the precipitate treated in the same 
way as directed for glycocholio acid, when taurocholio 
acid will separate out as oily resinous drops (§ 54). 
Both bile acids give a purple reaction (Pettenk offer's 
test) when mixed with strong sulphuric acid and 
glucose. The best method of carrying out the test 
is described § 120. The spectrum of Pettenkoffer's 
test, according to MacMtinn, gives a band outside D, 
and broad band at B. Heynsius and Campbell, how- 
ever, give the spectrum of sodium taurocholate with 
sulphuric acid and sugar, na represented by three bands, 
one between O and D, the next between d and e. 
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and the third near F (PflgUer'a Arahiv. f. Phya., iv., 
497). The bile acids are furnished by the metabolism 
of tliG albuminous constituents ; but whether directly 
from the splitting up of the peptones, as Dr. Wickham 
Legg considers pi-obable, seeing the great dependence 
of the bile-mating functiona on the glycogenetic func- 
tion ; or, as seems to me more likely, from the breaking 
up of the effete albuminous matters of the body in the 
liver, is doubtful A portion of the bile acids (chiefly 
the taurochloric acid) passes off by the bowels with the 
feces, partly unaltered, partly broken up into taurin, 
cholio acid, and dyslyain. A portion, chiefly the glyco- 
cholic acid, is absorbed by the intestine. An experi- 
ment of Tappeiner ( Wiener Sitzgsber, Bd, cxxvii 
1878, iii. abth) has shown that this absorption occura 
in the jejunum and ileum, and not in the duodenum. 
Of the portion thus absorbed the ultimate fate is 
unknown. A trace probably posses ofi' with the urine 
even in health, since Naunyn and Draggendotf have 
proved the presence oE bile acids in non-jaundiced 
urine, whilst some portion of the taurocohHc acid is 
probably oxydised, and furnishes the partially osydised 
sulphur product originally observed in the urine by 
Konalds, and which, in minute quantities, is always 
present in normal urine (§ 1 14), Injection of the bile 
acids into the blood produces very definite results. It 
destroys the red blood-coipuscles ; if a few drops of 
solution of bile acids are placed on a glass slide, and a 
drop of blood be added, no trace of blood corpuscles 
will be found on microscopic examination, Taurocholio 
acid seems to possess this property in even a higher 
degree than glycocholic acid. Bile acids, when injected, 
cause rapid parenchymatous degeneration of the glands 
and muscles. Their action on tho heart is very marked, 
causing slowing of the pulse. This phenomenon, 
Dr. "Wickham Legg (iVoc. Royal Soe., voL xxiv.iij, 
442 ; 1876) thinks is not due to an-j \iA\i«QRfc'i5Qswi.'^. 
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the vagi, or direct action on the muKcular walla, 
by their influence on the ganglia of the heart. Steiner 
haa confiiincd Dr. I-egg's view ; bnt he thinks that bile 
acts upon only one of the cardiac ganglia, since he found 
that by letting a drop of bOe fall upon the back of a 
frog's heart there was at once a cessation of the heart's 
beat, -wliilst if it was placed on the fore surface of the 
heart no change in the pulse took place for some time. 
Injection of bile acids also produces a peculiar spasni 
of the Inspiratory muscles, and the diaphragm remains 
in a state of deep inspii-ation. They ai-e said to lower 
the bodily temperature. The urine after injection of 
bile acids becoaies dark-coloured, often with traces of 
albumin, casta, and granules, but no blood corpuscles. 
Frericha considered the dark colour due to the con- 
version of the bile acida int^ bile pigment. Kiihne 
attributes it to the destruction of the blood corpuscles 
by the bile acida acting on the hemoglobin ; but Dr. 
Wickham Legg has been unable to satisfy himself of 
the presence of pigment, in many observations on 
rabbits, and is inclined to believe the difference iu 
observation depends on the animal esperimented on, 
since dog's urine often gives tlie reaction (Gmelin'a) 
for bile pigment, even when the animals are supposed 
to be in perfect health. Many physicians have been 
led to regard the presence or absence of bile acids as a 
diagnostic point, deciding whether the jaundice was 
hcptogenous or hiematogenous in character, In the 
former, it waa said they were present, in the latter 
absent. No such definite conclusion, however, is war- 
ranted from the facts before us. Traces of bile acids 
are to be found in normal urines \ the amount is 
increased in all forms of jaundice, especially at their 
onset. In cases due to obstruction, without great 
destruction of liver tissue, they are often, especially at 
first, considerably increased, gradually declining in 
amtiuat as the case gon on, till they often cease to 
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appear. In jaundice, with destruction of the liver 
tiaaue, as in acute yellow atrophy, hepatic absoesa, 
rapidly growing cancer, they are present at first, but 
as the liver tissue becomea destroyed they difiapj>eBr.j 
Their presence or absence, therefore, does not diita 
tinguish between tlie nature of tbe jaundice, but onln 
shows the stage which it has reached. 

lis. Fats which consist of cholesterin, saponi- 
fiable fata, and lecithin are to be separated and deter- 
mined as directed for hlood (g 99). With regard to 
oholesterin, the chief fatty constituent of tlie bile, it 
ia doubtful whether it should be regarded as formed in 
the liver, or ia merely excreted from the blood. The 
latter view has been gensmlly adopted, partly in con* 
sequence of Dr. Flint's views with regard to the 
supposed toxic influence this body baa when its 
excretion is obstrncted, giving rise to a condition ho 
calls cholesteraamia. The reasons against accepting 
his views have been enumerated when considering the 
toxic conditions of the blood (§ 102). I am disponed 
to thinfe that cholesterin ia formed in the liver as well 
as la the brain, nervous system, eti}., and that it is 
not an excretory product, properly so called, and that 
it fulfils a definite purpose in the oi^anism ; that it is 
not excreted by the liver, but that some of the 
cholesterin formed in the organ is secreted with the 
bile. Cholesterin, mixed with bile pigment, is also 
the chief constituent of biliary calculi. .For chemical 
reactions of cholesterin, »et § 51, 

143, SalU< — ^The inspissated bile extract is to be 
incinerated, and the estinintion of the acids and 
bases made as directed for blood (§ 101). The chief 
base is aoclo, in combination with the bile aeida, and 
which will in the incinerated residue be found as 
a carbonate. Sodium chloride is also abundant, and 
sodium phosphate ; then comes phosphate of lime and 
magnesia and chloride of potaroivHa. 'E.\w»» »&. ^ 



1 when ■ 



ao6 Clinical Ciiemistrv. [( 

are always present,' and are said to be increased 
tliiB metal ia taken as medicine. Minute traces of 
silica, and also copper, are stated on good authority 
to be constantly present. 

144. BiliaTy calvull will be coasidei-Gd in 
chapter vi., in the section referring to morbid con- 
cretions. 

145. Fnncrional derangements or the 
Ifvcri — In addition to the formation of bile, the 
Jiver performs two other important functions, vii., 
(1) the formation of glycogen j and (3) the meta^ 
holism of certain albuminous constituenta of the 
body. To these may be probably added another, 
conaieting of certain synthetical processes, by which 
the carbohydrates are converted into fata, and the 
peptones transformecl into albumins prior to absorp- 
tion into the blood by a process of dehydration 

(5 "«). 

(1) Glycogenic function. — Diabetes. — Although the 
formation of glycogen is not restricted to the liver, 
since it has been found in small quantities in Other 
tissues, still, undoubtedly, it ia the chief seat of ita 
formation. The only exception to this Rtdtement ia 
during the first period of intra-uterine life, when the 
liver is found free from this substance, whilst sugar ia 
tound in the fluid of the allantoia and liquor amnii. 
During the latter period, however, of gestation the 
liver of the ftetus contains glycogen, and sugar dis- 
appears from these fluids." It has also been found 
in the pulmonary tissuea of hybemating animals. 
In the consolidated lung of pneumonia, and in muscles 
which have been kept long at rest, the quantity ia 
increased, With the resumption of activity, the 
glycogen in the first case disappears, in the second 

oently couBasd, 

^.. ..„ .^ jFDiiiEtit tD mil lor biami' - ■- -- - ■- 

of sujfr could be found. 
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dimioisliea in quRntity. Dr. Pavy has very ingeiiioualy 
brought forward these facts to show that vcuohb blood 
is favourable, and oxygenated blood is unfavourable, to 
its accumulation ; and, since there is no organ in tbe 
body snppHed with venous blood in like manner to the 
liver, BO, in correspondence, nowhere does glyeogea 
esist to a like extent In early ftetal life, however, 
the supply of venous blood to the liver from the 
chylopoietic viscera is quite insignificant compared 
with the OKVgenated blood received from the um- 
bilical vein, and so glycogen does not accumulate. 
As f<ctal life advances this relationship becomes 
altered. In hyl:ernntiug animals, and in muscles at 
rest, a reduced supply of arterial blood also must 
neeessai-ily prevail. Dr. Pavy has, moreover, pointed 
out that in the consolidated lung, owing to its im- 
perviousness to air, the venous blood of the pul- 
monary artery does not become oxygenated, but 
retains Its venous character, and thus stands in the 
same position as the portal blood does to the liver, It 
is important to bear these facta in mind with regard 
to the origin of diabetes ; for, if a liuiit«d supply of 
oxygenated Wood is favourable to the accumulation of 
glycogen, it is reasonable to Bupx>ose, if the opposite 
condition be present, and oxygenated or imperfectly 
de-arterialised blood be passed to the liver through the 
portal vein, rapid transformation of its amyloid sub- 
stance into sugar will be accomplished, and glycosuria 
be the result. And this brings ns to the question, 
■what is the fate of the glycogen formed in the liver 
under normal conditions 1 Tbe view originally sug- 
gested by Bernard, and generally accepted by the 
profession, waa that the glycogen was immediately 
converted into sugar, and this, on reaching the general 
circulation, was destroyed, the destruction occurring 
chiefly in the peripheral capillaries and in themuHclHa. 
tekdiog to tiio inci-eafied prodttctvon. <A ca^wsroa ac:^ 
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and watei'. Dr. Puvy, on the otlier hund, mniiitaiiis 
that the liver is essentially s sugar-assimilating, in- 
stead of a Bugar-forming, organ, and, when its assimi- 
lative action is properly exerted, so little sugar is 
allowed to pass into the general circulation that (he 
quantity existing in art«rial blood is insufGcient to 
allow more than a mere trace to appear in normal 
urine. The glycogen ia stored up in the liver oellfl, 
where it presumably undergoes a change which forma 
one of the links in the series leading up to the iinal 
issue; viz., the utilisation of sugar as a force-pro- 
ducing agent. 

Now, according to Bernard's view, diabetes 
would depend on excessive formation of glycogen 
in the liver, by which an excessive amount of sugar, 
over ajid above its power of reduction into carbonic 
acid and water, would reach the circulation. Whilst, 
according to Dr. Pavy'g view, diabetes is due to a 
failure of the assimilative function of the liver, 
which, instead of storing up glycogen, allows it to 
pass off aa sugar, and, in proportion as it does so, the 
urine acquires a more or less marked saccharina 
character. Now, to return to the fact that excess of 
Tenoua blood is favourable to the storing-up of gly- 
cogen, whilst oxygenated blood causes its disappear- 
ance. Dr. Pavy (/'rocflo^a^i'^oc., June and Nov., 1875) 
has shown that, by introducing deflbrinated arterial 
blood into the portal system, strongly-marked glyco- 
suiia was quickly introduced \ and he also established 
the negative by employing defibrinated venous blood J 
tliat is to say, the glycosuria was due to the influence of 
the oxygenated blood, and not to any other [)art of 
the operation. This experiment Khows that oxygenated 
blood reaching the liver through the portal vein ia 
perversive of the proper action and instrumental in 
producing glycosuria. Dr. Pavy also induced glyco- 
aari^ (11 gmins of sugar to i oe. of urine) by 



artificial respiration; &ad TiOenbach has similarly 
succeeded in obtaining sugar in urine in curaris^ 
rabbits. 

But in what manner in diabetes ia the liver thua 
unduly charged with oxygen reaching the liver by the 
portal Teinl Dr. Pavy considers that the state 
into which the portal blood ia thrown hy vaao- 
motor paralysis affecting the yessels of the chylo- 
poietic viscera, is the key to the explanation of the 
saccharine condition of t^e urine in diabetes. He 
says, " It may be observed in the case of division of 
the sympathetic in the neck, that not only is there a 
hypersmic condition of the ear, but that the veins 
contain much redder blood than natural In fact, the 
blood passes with such velocity and in such volume 
through the affected part tliat it does not become de- 
arterialified. A similar state existing in connection 
with the vessels of the chylopoietic viscera will giv« 
what is sufficient to produce glycosuria. Without any. _ 
new agent being brought into question, the s' 
passage of blood through the vessels in such a m 
as to cause it to arrive in the portal vein in a 
perfectly de-arterialiaed condition will supply all that * 
is wanted to account for the unnatural passage of 
sugar. In the vaso-motor paralysis, which, observation 
shows, is produced hy lesions of the neiTous system 
that give rise to glycosuria, We have a condition that 
leads to the presence of imperfectly de-arterialised 
blood in the portal vein, and in this condition of imper- 
fectly de-arterialised blood in the portal vein we have 
a circumstance that suffices to determine the escape of 
sugar from the liver in a manner to produce a diabetic 
state of the urine." Dr. Pavy also considers the 
bright red appearance of the tongue, so often noticed 
in severe cases of diabetes, is an eridence of this 
hyperiemic state ; the idea suggests itself from its 
nppeaTKiice, that the blood is Sowui^ ^\uo'ot^ '^^ 
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organ without being pro[«rly deprived of its arterial 
character. "With regard to the nature o£ the nervous 
lesion in diabetes that produces this vaso-motor 
paralysis nothing definite has been deterndned. Dr. 
Dickinson has stated that he has found cerbiia vas- 
cular and perivascular changes in the biiiin and medulla 
oblongata of persons dying from diabetes. His views, 
however, have been challenged by pathologists, who 
have found similar changes in brains of those dying 
from other diseases besides diabetes, and that they 
are not by any means a constant lesion in diabetes. 
Howtjver this may he, I think the explanation of the 
persistency of diabetes niellitus, a condition which 
emphatictdly distinguishes it from glycosuiTa, will alone 
be fouDd to depend on some definite lesion of the 
nerve centres, either of the cerebro-spinal or sym- 
pathetic system. Indeed, it has l}een suggested that 
as the vaso-motor nerves distributed in the sympathetic, 
hesides being connected with the spinal cord and 
medulla oblongata, jmlsb up to spots at the surface of 
the braiii, these possible va«o-motor centres should be 
examined in all cases of diabetes mellitua. That 
question must be decided by the morbid anatomist ; in 
the meantime, the causes that induce glycosuria are of 
greater interest to the pathological chemist. In these 
cases it is more than probable that the vaso-motor 
paralysis is induced directly by the circulation through 
the portal vessels of toxic agentA Thus, Dr. Pavy has 
shown that carbonic oxide^ which gives to venous 
blood a bright scarlet colour, and a similar spectnim 
as oxygen does when introduced into the portal veins, 
produces glycosuria in as marked a manner as arterial 
blood ; and phosphoric acid, he has shown, has the 
same efiect, George Hartey has similarly shown that 
chloroform, alcohol, ether, and ammonia produce 
temporary glycosuria, bo also does curare poiaon. 
Aithoagh. it Ji as not been proved, itia^Tfaomunlikdr 
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that Tirio flcid may have the same eFTeot, and thus 
aocotmt for the frequent association of glycosuria with 
the gouty state. Even diminution of the alkaline 
condition of the blood may play an im]iortant part in 
producing this vnao-motor paralysis, since it has been 
^ shown (Dr. Gaskell ; Journ. Phyi., Na 1, vol. iii. ; 
1880) that whilat alkaline solutions cause powerful 
contraction of the heart and capillaries, dilute acid 
solutions haTe a contrary effect ; in this way one can 
see how disturbance in the circulation between the 
intestines and the liver, by permitting the acid chynie 
to pass too rapidly into the portal vessels, might lower 
the alkalescence of the blood in the portal circulation, 
and tlins cause temporary vaso-motor paralysis. In 
some anomalous forms of diabetes, disease-of the pan- 
creas has been noticed ; the cutting off of this powerful 
alkaline secretion may have effect of diminiahing the 
alkalescence of the blood in the portal vessels. Glyoo- 
anria ia not unfrequently met with in those who have 
had much mental labour, trouble, or anxiety. Bernard 
looked upon the appearance of sugar in these oases as 
a salutary effort of nature to repair the injuries of the 
organism, but it is far more prnbable that it depends 
on a partial vaso-motor paralysis, an expression of the 
general nervous exhaustioQ. 

(2) Abnormal d-mnt-egrniion. — Lilh(emia.—FoT' 
merly it was held that tissue changes depended on th 
amount of oxygen taken in by the lungs, so that i 
increased respiration a more intense combustion tool 
place, and metabolism was increased with the pwv' 
duetion of more carbonic acid and urea, whilst when 
respiration was impeded oxydation was imperfectly 
performed, and as a consequence many of the 
intermediate products, as uric acid, oxalic acid, etc., 
were not burnt off, but were eliminated in an imper- 
fectly oxydised condition. Upon this view the late 
Dr. Mnrchiaon founded his "viewa TegB."cKvB%.'Vilftw«"wn« 
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" When oxydatioa," he says, " is imperfectly per- 
formed in the liver there is a production of insoluble 
lithic acid (uric aciij) and lithatos (urates) instead of 
urea, which is the soluble product resulting from tha 
last stage of oxydation of nitrogenous matter. Persons 
vho habitually enjoy the best of health are liable to 
deposits of lithates (urates) in the urine after a surfeit 
of food, or even after partaking moderately of one of 
the fashionable dinners of the age. When more food 
is taken into the blood than is neceseary for the 
nuti-ition of the tissues, the excess is thrown off by 
the kidneys, lungs, and skin in the form of urea, 
carbonic acid and water, or in the imperfectly osydised 
forms of uric acid and oxalic acid. Under these cir- 
cumstances, an excess of work ia thrown upon the 
liver and the other glandular organs, and one 
result ia that a quantity of albumin, instead of being 
converted into urea, is dischai'ged by the kidneys in 
the less oxydised form of uric acid or its salts. But 
what in moat j>ersons is an occasional result of an 
extraordinary cause, is in some almost a daily occur- 
rence, either from the food being always excessive in 
amount or unduly stimulating, or from some innate 
defect of power, often hereditary, in the liver, in 
virtue of which its healthy functions are liable to be 
deranged by the most ordinary articles of diet." 

The doctrine of lithtemia, or, as it ought more 
properly to be termed, uriciemia, has found consider^ 
able favour with the profession, no doubt from the 
powerful advocacy of such a distinguished clinical 
teacher as Murchison ; but though the numerous 
symptoms detailed by him in connection with the 
deposit of urates in urine are no doubt a matter of 
common obsei'vation, his explanation of the causes 
giving rise to the condition is not, I venture to think, 
iii6 correct one. 

It ia now known that uric &cid ie not a necessary 
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antecedent of urea, and that the latter 
largely formed, independently of the liver, directly 
from the kreatin of nmscle and from leuoin, the 
result of pancreatic digestion, in the intestiiieB. Nor 
have we any evidence, except in the state of actunl 
gout, that, in human blood, uric acid has been ever 
found ; whilst the view is steadily gaining ground 
that, with the exception of a small quantity 
formed in some of the large glands of the body, and 
in which it seems to })e destrayed, uric acid is not 
formed to any extent, and that the cyanogen residues 
probably form urea directly without passing through 
the intermediate stage of uric acid. Again, if uric acid 
is found in excess in the urine because it has not been 
oxydised into urea, we should certainly expect to find 
the urea diminished in these cases ; but this is not 
SO. In every analysis I have made myself, and in 
others that I have referred to for the purpose of 
ascertaining this point, I have found that, whenever 
urio acid is increased, urea is likewise in excess, not 
always proportionately, but still sufficiently decided as 
to show there is no reduction in quantity. 

The explanation I have to suggest aa a cause for 
the group of symptoniH so admirably portrayed by 
Murchison is, that they are due to a disturbance of 
the nitrogenous equilibiium, brought about by an 
increase of metabolic processeB throughout the body^ 
owing to an intramolecular activity in the cells (§ TnT 
This condition may be transient, and caused by ii' 
discretions of diet, nervous influenceR, or tempor 
disturbanixs in some function of the organism ; 1 
when we have a persistent tendency to deposit ura 
accompanied by increased urea and phosphates, ' 
must look beyond mere defective oxydation or func- 
tional disturbance of the organ for an explanation, 
and view it as a prelude of some grave constitutional 
disturbance (often cancer, tubercle, ot ccuOi^&A'Oun-a^ 
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syphilis), the taint of which produces increased mole- 
cular activity throughout the body. This question of 
lithtemia I have discussed from its clinical aspect in 
my work on " Morbid Urines associated with Derange- 
ments of Digestion," pp. 68 — 70, and to which I 
refer the reader, as that part of the subject cannot be 
introduced here. 

As a converse to the conditions we have been 
speaking of is one characterised by a urine of low 
specific gravity, with no tendency to deposit uric acid 
or urates, and which is very deficient in urea, and 
associated with peculiar symptoms, which Sir Andrew 
Clarke has succinctly grouped togethei- imder the tanu 
"renal inadequacy." The term is an expreaaive one, 
und fixes ia the mind the condition of the urine ; but 
1 venture to think in this case we niity go a Bte|i 
farther, and refer the inadequacy to failure iii part of 
the metabolic processes going on througliout the body, 
and in part to defective assimilation of food by the 
digestive organs. Another evidence of abnormal dis- 
integration is occasionally seen in cases of temporary 
albuminuria, and which are sometimes accompanied 
by the presence of peptones in urine. This conditioa 
is often of a transient nature, and dependent oa 
marked disturbance of the hepatic function. In othcv 
cases, from being at first of a temporary and inter- 
mittent character, it becomes more and more per- 
sistent, as to give rise to a suspicion that it is a pre- 
liminary or early stage of granular kidnRy. Nor is it 
at all unlikely that this functional albuiainuria may 
not at last terminate in organic disease. Haimatinuria, 
too, is another condition which may be assumed to 
depend on fuuctional derangement of the liver. In this 
diaeasQ (§ 120, page 161), only thecolouiiug matter of 
the blood is present in the urine, and no blood corpuscles 
are to be found, whilst the colouring matter itself is 
appareatiy uiider^ing a. change ', for, in addition to 
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the spectrum of oxy-htemoglobin, there is also a third 
Land present, repi'esenting methcemoglobin. These 
caEes are usually attended with well-marked dyspeptic 
symptoms and Blight jaundice, and geneitilly follow 
exposure to cold or chill. If, therefore, we regard the 
liver as, the tteat of the disintegration of the effete 
blood-corpuBclea, with the formation of hrcmatin, and 
tbcQ of uiTibilin, it is not unreasonable to assume that 
a sudden interterenoe with the function of the liver 
may temporarily arrest the process of the conversion 
of htemoglobin into bile und urinary pigment, and so 
permit it to jmas again into the circulation, to be 
eliminated by the ki'lney. 

146. PaDcrealic juice.— -A thoroughly reliable 
analysis of the secretion of pancreas is wanting, 
owing to tlie fact that the slightest irritation of the 
gland causes considerable changes in the character of 
the secretion. Thus, Ewald, at the same period of 
digestion in about equally large doga, obtained aome- 
times a copious, sometimes a scanty, secretion, witli- 
OQt being able to assign any cause for the difierence. 
It will, therefore, be sufficieot to state that the 
amount of solids in the pancreatic juic« of dogs, 
obtained from permanent fistulss, ranges from 3 to 10 
per cent. Of these, the organic constitute about 
two-thirds, and the inorganic one-third. Of the or- 
ganic solids, the most impoi'taDt are the ferments, 
which act on starch, fat, and albumin; ordinary 
albumin, an albumin precipitable by magneHJum sul- 
phate (casein or seroglobulin 1) ; fatty matters ; and 
leucin and tyroain.* Of the inorganic constituenta, 
sodium carbonate is in relative excess of the other 
salts. The juice, when obtained free from the 
product* caused by the irritation of the duct, is a 

• TbeM bodies are not alwnys pnuetit. Tber aeem to ba 
formed by (lie action of tbe proteid ferment on the albumisuus 
aoniilitueaCa of the lecietion ^ec it has bwn <a\^c<A*^ 
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clear, somewhat viscid fluid, free from smell, having a 
marked alkaline reaction. 

The ferments of the pancreatio juice can be 
obtained from the glycerin extract of the pancreas 
of a freshly-killed animal 

{1} Aetwn on starch is most energetic, and Bur- 
passes that of the saliva (§ 131). The ferment has 
been isolated in n state of tolerable purity. It is 
stated that, after the pancreas has been exhausted by 
glycerin, if left exposed to the air for some time, it 
will again yield the diastatio ferment. From this, it 
is argued that the pancreas contains a body which by 
decomposition is converted into a ferment, analogous 
to the process that occurs in the liver by the con- 
verBion of glycogen into glucose (Liveraidge ; ^our. 
Anai. andPhya., vol viii., 1872). 

(3) Action on fats. — -The ferment that acts on fat 
has not yet been isolated. Ita action, however, can 
be studied with the freah juice, by mixing it with a 
little of a neutral fat in a test-tube, and placing the 
mixture in ii wat«r-bath (40° C). At the commence- 
ment of the process the mixture is slightly alkaline, 
and neutral to litmus ; but, as digestion proceeds, it 
becomes acid from the splitting up of the fat into 
glycerin and fatty acid. 

(3) Action on proteidB.—ln dilute alkaline solu- 
tions, the ferment converts prot«id bodies into pep- 
tones, similar to those formed by pepsin in acid 
solutions, dilute solution of sodium carbonate, O'l 
per cent., playing the same part as dilute hydro- 
chloric acid does in gaRtric digestion. The points, 
however, in which pancreatio digestion differs from 
gastric digestion are. that the proteid elements do not 
swell up, become translucent, and fibrillate, as in the 
of digestion with pepsin, but remain opaque, and 
apj^arently undergo conversion from the edges by a 
procean of eroeifm. Again, the b^a-'product, anti- 
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albumoae (or pcira.peptone) is of aji alkaline characte^^ 
< resembling alkali, albumin, or Oiisein, and not acijlfl 
albumin or syntooin, a^ in gastiic digestion. Lastly^l 
the continued action of pancreatic ferment leads t 
the formation of leucin and tyroEin from the breakin 
up of the bemipeptone. The following table showi 
in a graphic form the changes effected on protein 
subatanoea reapectavely by gastric ajid panoreatidl 



Aati-albumone 

(pampeptDDe) 

Anti -peptone Anti-peptone 

(tnifl peptone) (true peptone)"^ 

Undergoei no further chMge, i 



Hemi-alfaumosi 
(Mdssner'a A peptone) 



nipopti 



Indol 



mipeptone 



Tyrogia I'henol 

Hypoxaathin NaphtliiUmiue 

AsparagiDio Sulphuretted 
add bydiogeu 

Oljcoooll Cnrbonio aoid 



Thua the final action of the pancreatic ferment ia 
to break up the heraipeptone formed by its own 
digestif B action, and the hemipeptone formed by 
gastric digestion, into a aeries of bodies related to the 
group of fatty acids (leucin = ainido-capFoia aoid) and 
the aromatic series (tyroain = amido-propionic aoid in 
vhich one atom of K is replaced by osy-phenol). The 
formation of indol, phenol, etc., is, howeyer, regarded 
aa due to putrefactive changea, and not to normal 
pancreatic digestion, since the production of these 
Bubstancea ia aimultaneous with the appearance of 
organisms in the solutions. These organisms are 
probably taken in with the food and find a habitat in 
the intestines ; tbey do not exist in the pancreas. The 
chemical reactions of the true ■^■5^^^'* ^wttaeft. Ns^ 
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pancreatic digestion are similar to tlmt formed by the I 
■ gastric juice (§ 135, page 186), The pancreatic ferment 
diasolvea mucin ; and, according to Nencki, converts 
gelatin into a peptone and glycocolt. It has, like 
pepsin, no action on lardaceiu, nuclein, or keratin. 

The pancreas is an organ about which the patho- 
logical chemist has little to say as yet. Fatty dege- 
neration and atrophy of the gland has been noticed 
by Bright^ Frericha, Catani, and numerous other ob- 
servers, in some cases of diabetes. By some it ia attri- 
buted as the resnit of that disease. At page 211 I 
have suggested how possibly diminution of the pan- 
creatic secretion may induce glycosuria, by dimin- 
ishing the alkaline reaction of the blood in the portal 
vessels from the absorption of the contents of the 
jejunum not having beec neutralised by this secretion. 
In cases of obstruction of the duct of the pancreas an 
increase of fatty matters has been noticed in the 
stools ; but there are exceptions to this statement, 
The matter of chief clinical interest, which ought to 
be more fully worked out, is the formation of urea 
fiom the leucin derived fi-om pancreatic digestion, and 
the formation of indol, and its ap]^)earance as indican 
in the urine. With regard to the latter, it has been 
shown that as salicylic acid puts a stop to the forma- 
tion of indol in albuniinoid solutions of ]>ancreatio 
juice, BO the internal administration of the same acid 
reduces the amount of indican in the urine, which 
decreases exactly in proportion aa the quantity of 
phenol increases. Indican is also met with in the 
urine after ligature of the small int«stines, and in 
obstructions and other afiections of the intetstines in 
disease. The indigo sometimes deposited in a free 
state in urine, sweat, and urinary calculi, is undoub- 
tedly derived from the indol formed in the intestines 
by pancreatic digestion. The indol apparently is 
eooverted into indicaa in the alkaline blood, whioh' 
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IB converted into indigo, if present 

when it cornea in contact with highly acid sweat o 

147. Intestinal digestion. — Very little ■ 
known regarding the oompoaition of the secreticalj 
furnished by the intestinal glands. According tflj 
Thirry the sueetis enlericus is a yellowish opaleHCenH 
fluid of alkaline reaction, having a specific gravity 
1-011, and contains about 2'5 per cent, of aolld* 
It dissoh-ea fibrin, but it is a question whether it ha 
any action on other proteid liodiea. Its diastatio j 
action on starch is doubted. It is said, however, 
to convert cane sugar into grape sugar and in- 
vert augar, and to set up lactic acid fermentation. 
Absorption of the digested products takes place 
throughout the intestinal canal, but the process 
must be considered with reference to particular 
tracts ;— (1) The duodenum; (2) the jejunum 
and upper pai-t of the ileiim ; (3) the lower part 
of the ileum and the large intestine. (1) /ii Clie duo- 
denum. — In the stomach most of the dift'uaible sugars, 
and some of the peptones, pass directly into the 
gastric veins J but the remainder, consisting of para- 
peptone, the undigested albumin, the staJchy prin- 
ciples which have as yet escaped conversion, and the 
oleagineous matters, pass through the pyloric orifice 
iuto the duodeniun as acid chyme. On reaching thfl J 
biliary orifice a rush of bile takes place, which causes a 
precipitation of the jiarapeptone, at the same time ths 
pancreatic secretion is poured forth in abundancaj 
The action of these two alkaline secretions has th 
efleot of first neutralising the acid and then renderin 
the contents of the intestine alkaline. In the meai 
time, the emulsionising and saponiiication of the fat^ 
msitter is proceeding, and the chyme passes into (sf 
thej^Hnum and upper part of <Ae iUwm as chyle. 
ifthare that the final digestion, of tkelwi^. ''v ' 



P320 Clinical Chemistry. [Cbif^^^^H 

the pancreatic Juice couverting the undigested albu- I 
min and some of the gastric peptone into anti- peptone 
and hemi peptone, which last ifi converted into leucin, 

, tyroain, etc. The starch is converted into grape 
sugar, so is, probably, part of any cane sugar present, 
whilst a portion commences to undergo lactic fermen- 
tation. The fata meanwliile are thoroughly emulsified 
and saponified. These products are quickly absorbed, 
the peptones, the glucose, and a dextrin-like body, pass- 
ing chiefly in the direction of the portal vessels, whilst 
the emulsioned fat is taken up by the lacteals. (It is 
a question whether the saponified matters are taken 
up, or whether saponiflcation ia only subsidiary to 
emulsion.) In the absorption of fatty matter the 
bile acids undoubtedly play an important part by 
Aiding their passage through the absorbents. As 
the fluid contents pass onward they gradually 
lose their nutritious constituents, till at (3) dia 
lower part of tlie ileum and large intestine they 
become more consistent and contain little besides the 
insoluble residue of the food and the putrefactive 
products, indol, etc., of pancreatic digestion. The 
reaction, too, here again becomes acid from the lactic 
acid fermentation set up in the intestine. Although 
the process of absorption is very inconsiderable, 
still it exists to a very appreciable extent, as is 
decidedly proved by the beneficial result nutritive 
enema have for a time on patients who cannot other- 
wise be fed. 

148. The fieces consist of that portion of the 
food which is not taken up by the absorbents, and is 
discharged from the body mixed with some of 
the products of the biliary and intestinal secretiona 
Their amount must necessarily depend on the nature 
of the food taken, and on the energy of the digestive 
powers. The quantity passed by a healthy adult 

Jw*r be, however, stated rt from 7 to 9 oances daily. 









The colour ought to be a rich brown, and the aurfaoe 
of the motion moist and slightly sliniy. The odour 
varies considerably in different persona ; in some, even 
in the healthy, it is particularly strong and offensiva j 
This odour is chiefly derived from the putrefactiwj 
changes occurring in the intestine, and partly to I 
BecretioQ of the glands of the large intestine, Thod 
who make it their duty to inspect the atoola of their 
patients will soon leamto recognise an odour swtye?ier« 
attached to many disorders ; thus, it ia easy to distin- 
guish by smell alone a dysenteric from a typhoid 
atool, etc. The following is an approximate analysis 
of the faces of a healthy adult ; Water, 77-3 ; Solids, 
22-7; mucin 2*3, protcids S-4, extractives 1'8, fata 
1'5, salts rS, resinous, biliary, and colouring matters 
5% insoluble residue of food 4-7. 

(1) Albumin. — A small quantity of coagulabJe 
albumin is always present in normal fieces, whilst, in 
cases of dysentery, typhus, and cholera, the quantity 
passed is considerably increased. 

(2) &:irac(Ji'es.— Besides the occasional presence 
of leuoin, certain fatty acids, substances ctdled ex- 
cretin, and atercorin, are present The following is an 
aocount of these substances and mode of separation, 
though many are sceptical aa regards their existence 
in a definite form, but conaider them to be modifica- 
tions of choleaterin. (a) Stereorvn. First described 
by Dr. Flint, who assumes that under ordinai-y 
circumstances about 0'6 gramme is excreted daily. 
Dr. Flint directs the ftcces to be evaporated to ■ 
dryness, pulverised, and exhausted with ethei ' 
The etherial solution is then passed through e 
charcoal, fresh ether being added, until the oi 
quantity of ether extract has passed through. The 
filtered etherial solution is then evaporated, and 
the residue treated with boiling alcohol. The 
alcoholic solution is evaportited, kqA ^^« T«i^^£^<& 
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treftted with a warm soJution of cauMtie potaah to 
diasolre out all the eaponifiable fats. The mixtvire 
is then diluted with water, thrown on a, filter, and 
washed till the droppings are clear and neutral The 
filter is dried, and the residue washed out with ether. 
The etherial solution is then evaporated, and the 
residue treated with hoiling alcohol, the residue of 
this solution yielding stercorin. Stercorin, when thus 
obtained, appears as a clear, amber-coloured, oily 
substance, in which thin, needle-shaped cryetula, fre- 
queutly arranged is bundles, and having their borders 
split longitudinally, appear in the course of a few 
days. Stercorin is neutral, soluble in etlier and hot 
alcohol, insoluble in water and solutions of potash ; it 
is distinguished from cholesterin by having a lower 
melting point, viz. 38° C. Treated with strong 
sulphuric acid it gi ' ' ^ "" 

eiders that stercori 
of clkoleBterin 



I red colour. Dr. Flint con- 
; formed by a modification 
its passage aJong the int«stiiial 
canal ; since a comparison of the total quantity of 
oholesterin contained in bile with tLe quantity of 
stercorin actually discharged shows a correspondence. 
(6) Exerelin. This principle was obtained by Dr. 
Marcet, together with excretolic iicid, from fecal 
matter. The fteces are first dried and exhausted with 
lioiling alcohol, and the alcoholic solution concentrated, 
filtered, and allowed to stand ; after some time a 
granular, otive-coloured, fatty acid, excretolic acid, is 
deposited. This substance melts at 25°, is insoluble 
in water and in solutions of potosli, and in cold 
alcohol ; its composition has not yet been determined. 
The excretolic acid must be removed by filtration, and 
the filtrate treated with milk of lime, wltich throws 
down a brown jirecipitatc ; tliis is dried and exhausted 
with ether, which yields crystals of excretin. The 
cryBt«ls form delicate, silky, four-sided prisms, in- 
soJuble in water and solutions of potash, very soluble 



Ch.ip. v.] 



F/ECEs. 



"1 

1 a very I 



in eiber; they melt at 95^, and have 
reaction. 

3. The JaU contnin saponlfiable fats, and a 
considerable profiortion of cholestec' 

4. The inorganic coiiatitiLeiils contain a very 
considerable amount of magnesium and calcium 
phosphate, the former chiefly in the form of triple 
phosphate. The frecea are the only instance in the 
animal tissues and Quids in which the magnesiiun 
salts are relatively m excess of the calcium salts ; this 
is owing to more lime than magnesia being absorbed 
in the intestines. The potassium salts are also 
relatively in excess of the sodium salts. The biliary 
acida appear in the fceces in an altered condition, 
as dyalysin, cholalic, and cholodinic acids. The in- 
soluble residue consists of undi^^ested muscular fibre, 
the outer envelope of vegetable cells and fibres, 
partially dissolved starch, cells of cartilage, and 
fibres of elastic tissue, etc. Ffeces sometiiaes coa^, 
tain a ferment like pepsin, and one that has 
static action on starch ; both are probably deri^ 
from the digestive secretions. Meconium, or 
ftecal matter at birth, consists almost entirely 
biliary matter and mucus. Thus, a sampli 
meconium yielded : Biliary matter, 15 '6 ; chi 
15'4 j mucus epithehum and suits, 69 parts ii 

We have very few reliable analyses of imcea 
disease, few having courage to jiiu-sue diligently si 
an unpleasant business. As a rule we learn much 
regular inspection ; and if the plan adopted at th( 
London Hospital, of placing them in large deep eooioal 
vessels, and covering the mouth of the vessel with a 
thick glass plate, inspection can be made without 
unpleasantness being occasioned, especially if 
loose stools a little ether is Seated over i 
In liquid stools the more solid contents gravil 
&Jl»K *^ BO OD., aa that a, rough auB^^«it» 
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made. If a more vntimste acquaintance with 
composition of the fceces is desired, they must be 
submitted to regular analysis; viz.: (1) By ascer- 
taining the amount of water and solids {§ 92) ; 
(2) by agitating in water for some time a definite 
weight of fffices, filtering tlie aqueous solution, and 
coagulating the dissolved albumin, and weighing 
11 as directed (§ 118, page 145); (3) extracting with 
ether to remove fatty matters and cholesterin (§ 99) ; 
(4) after the removal of the cholesterin, extracting 
successively with boiling alcohol and chloroform to 
remove biliary matters (page 19a) ; (5) whilst the salts 
are estimated aftei' incineration, as directed (§ 101), 

149. iDtcstinal coDCretions will be con- 
sidered in chapter vi, in the section referring to 
morbid concretions and calculi. 

150. Gases In stomach and lutesttnes. — 
As has been well observed, though yeast fungi are 
continually being token with the food, as in bod beer 
or bread, and ure thus brought in contact with the 
saccharine and albuminous matters of the food, which 
are capable of fermenting in the stomach, fermenta- 
tion does not occur unless another condition is added. 
The ferment must have time and opportunity for 
developing itself. Under ordinary circumstances it ia 
so rapidly removed from the stomach, together with 
feiTnentable material, that the process has no time to 
commence. The conditions, therefore, that favour the 
development of fermentation are those which retard 
digestion either by mechanically obstructing the 
onward passage of the food, or from an abnormal 
condition of the digestive secretions, or the indigestible 
nature of the food itself. From experiments, we learn 
that under normal circumstances the gases found in 
the ttoinach consist of oxygen, nitrogen, and carbomo 
acid, but no hydtogen, which we would expect to find 

i( tJiB ^sses of the stomach iiv health were formed 
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lactic acid fer mentation. It ia probable, therefore, 
that of the gases obtained from the stomach under 
normal conditions, the first two are derived from the 
air swallowed with the food, whilst the latter is 
derived by diffusion from the blood. In the small 
inUitine, however, acetic cind Uctic acid fermentation 
oommences, as is shown by the preponderance of 
carbonic acid gas. and the presence of hydrogen. The 
following table gives the result of Planer's analysis of 
the gases of the stomach and inteBtine respectively; 
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The steps that occur in this process of fermentation 
■e sho-wn in the folio-wing table, thus ; 



,0j) Lactic acid 
■ aCO,+ H 
■httnit aeid, and h^di 



2 (C JI,0) AlceAcl + 2 CO, z (v^.o, 
O^H^ 4- O - QjH.O Aldi. Cfifi, 

hydi + H,0 
a,H.O + - G,H,Or^«<K 



The occurrence of this lactic and butyric acid 
fermentation in the small inte-stine in health, suggests 
& way in which the carbohydrate constituents of food 
may become converted into fat ; for, by this lactic 
and butyric ncid fermentation, the sugar is converted 
into members of the fatty acid series. The extent, 
boverer, to which this fermeatatioa. w raoivoi. «»■« 
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health is pi-ohably small, since if it occurred largely iu 
the intestine we should have a considerable quantity of 
free hydrogen excreted by the lungs or bowels, which is 
not the case. The fermentative changes reach their 
highest point in the lai^e intestine, so much so aa to 
i-ender its contents acid, in spite of the alkaline 
character of the secretion from its ■walls. Here, in 
addition to hydrogen, we have a considerable quantity 
of mai-sh gas (CH,) developed with sulphuretted 
hydrogen (H,S), from the decomposition of the 
albuminous and other sulphur-yielding elements of 
the food. 

In disease, however, excessive fermentative changes 
of the food may occur, leading to the production of 
enormouH quantities of gas and the formation of 
various intermediate products, as we have seen, aach 
aa alcohol, aldehyde, and acetic acid on the one hand, 
and of lactic and butyric acid on the other. Some- 
times it is a large quantity of gas that is formed, at 
another time an excess of acid. Thus, Ewald speaks 
of a patient who pithily observed that " there wua 
sometimes a vinegar factory and sometimes a gas- 
works in his inside ; " in fact, at one time alcoholic 
ferroeotation led to the formation of acetic acid, at 
another, the butyric acid fermentation produced 
hydrogen and carbonic acid. It is often difficult to 
distinguish clinically between the different forms of 
flatulent distension which arise ; but we receive con- 
siderable aid if we are careful to discriminate between 
those forms where flat«leiice is the only symptom and 
those where it is associated with acidity, and also by 
taking into consideration the period with I'egard to 
digestion at which these symptoms develop. Thus, 
there are some persons, ohietiy females, who, im- 
mediately on taking food, complain of flatulent 
dJBt^nsion without acidity ; the wind they bring 
ap IB inodoroaa. In these caaes, the gas does not 
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apparently result from fermentative changes, but ia 
probably derived by diffusion from the blood under 
nervous influences. When the flatulency is accom- 
panied by a slight degree of acidity, and sets in about 
an hour after food, and the risings are simply acid, 
and the eructations compajittively inodorous, acetic 
and carbonic acid feimentation of the amylaceous 
and saccharine materials of the food is indicated. 
When the risings are distinctly rancid, it is evidence 
that lactic acid fermentation of the nitrogenous prin- 
ciples is progressing. This form of fennentation is 
usually the most obstinate and severe, since it may 
continue independently of food by the decomposition 
of the mucus in the stomach and the intestinal canal, 
so that flatulence may persist even when the stomach 
is kept empty. 

Flatulent distension of the stomach and intestines 
often arises in nervous states of the system, appa- 
rently, however, quite independently of any fermen- 
tative changes occurring in the alimentary eanaL 
Indeed, it is quite impossible to account for the 
enormous quantity of gas, which consists largely of 
carbonic acid, often discharged through the mouth on 
a perfectly empty stomach by hysterical and hypo- 
chondriacal patients, except on the supposition that it 
is diSiised from the blood. 

The disturbances caused by fermentative changes 
in the stomach are not limited to that organ. The 
acid products formed in it, together with the un- 
digested residue of the food, pass on into the in- 
testines, and escite more or less pain and diarrhtea. 
Again, fermentative changes may occur chiefly in the 
intestines, and only a slight degree in the stomach. 
In this case, which is associated with a greater or less 
degree of chronic intestinal catarrh, a constipated 
condition of the bowels generally exiata ; for, though 
there may be &eguent loose, aXm-j, mA ■JS.^sMKt^-a 
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discharges from the boweU, yet a purge never faila to 
bring away acoiimulated massea of ftecal matter. The 
whole of the intestinal tract may te affected, or only 
part of it. Some writers have aaserted that the evil 
effects of fermentative changes are more felt in the 
small intestines than in the large, and that catarrh of 
the small intestines is generally associated with 
oxaluria. The Satulence may distend the whole 
intestinal tract, bnt one part of it is generally dis- 
tended more than another; and circumscribed swell- 
ings occur, chiefly in the right and left hypochondriac 
regions, causing pain over the region of the liver and 
Ntomach, spleen, or kidneys, and leading the patient 
to suspect disease of these organs. But the mischief 
resulting from excessive formation of acid in the 
stomach and bowels is not limited to mere disturbance 
of digestion, injurious effects making themselves 
manifest on the system and on the general nutrition 
of the body when the morbid condition haa been 
present for some time. 

Thus, Beneke* has pointed out that the increased 
production of lactic and butyric acids in the alimen- 
tary canal is frequently associated with oxaluria (§ 113, 
page 130), since, as he thinks, the excessive formation 
of these acids prevents the development of the red 
corpuscles, so that oxydation ia insufficiently performed. 
A catarrhal condition of the mucous membrane of 
the intestines he also pointed out as being frequently 
found accompanying this condition ; he does not, how- 
ever, consider it as being a proximate, hut only a 
determining, cause of the disorder. Whilst endorsing 
Beneke's statement that deposits of oxalate of lime 
are met with in persona suffering from dyspepsia, at- 
tended with excessive fonnation of lactic and butyric 
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ticids, I do not coni^ider his cxpkaatiaa to be the 
oorreot oue, since, in these ca.seB, I believe a caUrrhal 
condition of the mucous membrane of the digestive 
canal to be the proximate cause, which, by hindering 
the onward passage of the food, favours fermentative 
changes and the protluction of lactic and butyric 

Again, the highly acid fluid containing the 
imperfectly digested products of gastric digestion 
paSEing into the duodenum excites mora or less 
catarrh of that portion of tlie intestine, and the 
discliarge of bile is int«rfered with ; hence persona 
Buflering with flatulent dyspepsia have usually sallow 
complexions, complain of pain in the hepatic region, 
and sufier frequently from so-called "bilious attacks." 
The absorption of the vitiated products of digestion, 
together with some of the free aoA, produce many 
general and remote disorders of nutrition, ho that 
a condition of debility and exhaustion is speedily 
induced. 

151. Detection ofarneiilc, antiinonr, etr., 
In the viscem. — A plan of procedui'e for the 
examination of vomited mattera by which the 
student or practitioner can asceitain the nature 
of the poison, without the expenditure of much 
time or the employment of elaborate apparatus, 
has been detailed § 136, page 191. Of coui-se, it is 
understood that these investigations are only pre- 
liminary to a more searching investigation in the 
chemical laboratory at the hands of an expert. In ad- 
dition to the examination of the vomited matter ejected 
during life, we should also make an examination of the 
tissues, especially of the viscera, after death, especially 
if, as is sometimes the case, the vomited matters have 
been thrown away without having been examined, and 
the patient having lived some hours after the poison hiia 
tieen absorbed from the stomach into Miia^iiaK-usi, "^o" 
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thia purpose portions of the liver and atoiua^h must be 
divided as finely as possible and placed in a poroelaia 
dish, and a mixture, about twice the quantity of the 
organic matter employed, consisting of six parts of dis- 
tilled water to one of hydrochloric acid, is added, and 
the whole warmed for about an hour. After this, small 
fragments of potassium chlorate are to be dropped into 
the mixture from time to time, and the mixture 
kept constantly stirred, till the solid matter has 
almost completely disappeared. The mixture is then 
filtered through fine linen, the insoluble matter left 
on it being kept for further examination, iind the acid 
filtrate divided into three parts : (1) Place in the 
acid mixture a atrip of perfectly pure copper and boil 
for twenty minutes ; if there is a deposit on the oopper 
examine for arasnic, antimony, or inerciiry. Remove 
the strip of copper, wash it with a little distilled water 
to which a few drops of ammonia are added, dry it 
between folds of blotting paper, then when quite dry 
place it at the bottom of a narrow glass tube (German 
glB.s3), and apply heat to the lower portion uf the tube, 
taking cure thiit the upper end remains cool, and 
placing the finger lightlj' over the mouth of the tube, 
so aa to keep the volatilised matters within it. if 
arsenic forms the crust on. the copper, then arsenious 
acid will sublime and be deposited at the upper end of 
the tube, and tliis deposit under a low power of the 
microscope will be found to consist of sparkling octo- 
hedral crystals. Break oH' the portion containing the 
deposit and boil it in a test-tube for some minutes 
■with distilled water. Test aqueous solution with ((i)few 
drops of silver ammonium nitrate, which gives a bright 
yellow precipitate, soluble in ammonia and nitric acid ; 
(6) solution of cupric ammonio-sulphate, which gives a 
pale apple.green precipitate. If ai-senic has been found 
it will be as well to take a fresh portion of acidulated 
BJtrate and submit it to M&tBh's teat. If the cmst 
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deposited on the copper ia eauaed by antimony, it does 
not, by heating, yield a crystalline, bus &a amorphous 
deposit, and thia, on the application of a greater 
degree of heat than was required to volatilise the 
arsenic. T<( prove the presence of antimony, bi-eak 
off the upper end of glass tube, boil it with dis- 
tilled water very slightly acidulated with hydrochlorio 
acid. Through this acid solution pans a stream of 
Bulphydric acid, when an orange-coloured precipitate 
will fall. If the deposit on the copper is caused by 
inereury, on volatilisation distinct globules will form. 
in the upper part of the tube ; for corroboi-ation apply 
tests given § 132, page 177. If no result has been ob- 
tained by boiling the copper in the acid filtrate, take 
a fresh portion (2) of the acid solution and warm it 
and pass a stream of sulphydric acid through it. A 
black precipitate indicates copper or lead. If copper, 
on dipping the blade of a knife in the acid solution, 
which should be concentrated, it will be deposited 
on the surface. Ammonia added gives, with solution 
of copper, a light blue precipitate, soluble in excess 
of ammonia with the formation of deep blue solution. 
Potassium ferrocyanide gives, with solution of cupric 
salts, a reddish-brown precipitate. This test is 
employed to show that all the copper has been de- 
posited from the standard Fehling solution in quan- 
titative estimation of glucose (§ 119, page 153). If the 
black precipitate is not caused by a salt of copper, then 
test solution for lead as directed § 129, page 172. 
If no pi-eoipitute is caused by sulphydric acid a 
solution of ammonium hydro-sulphate is to be added ; 
if a zinc salt is present a white or yellowish-white 
precipitate will be thrown down. (3) The acid 
filtrate is to be concentrated to a small bulk, and is 
then rendered alkaline by potash and shaken with five 
times its volume of ether. The etherial solution is 
Chan nrmored and allowed to ev«.\ioi:a.te t^w^a.-nBo-a^i 
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ID a Binull glass dish nn<l the luiliii nwidiie exiuninod 
for iitryclmiiie or niorpliin liy dissolving it in o. little 
dilute liydroclilurio unid, inndering this solution alkft- 
line by BOiiiiim onrlioimttj wid ullowing tlio mixture 
to stnnii till a cryHtiillino precipitiiUt forms. Thia 
is to be oollcot«d on a amnll filter and wnshod till 
the washings ure no Innocr alkuline. 'J'hon divide the 
tllter into two {wiU luid luy thum on wliite {loroelain 
plates and tost r«s]>ootivply for tnorpliiH (§ TO) (Lnd 
strychnia (§ 71). The filtrate and tlio waxhings are 
mixed together and ovnporutud to drynmi in a wat«r> 
batb, and the dry i'esidui< wurmod with alcohol ; Iha 
alcoholic solution is thon to be evii]>omted to dryness 
and tlie t«sts for morphia and strychnia epptled. 

1J)3. KBtlmntloii of sillroKt<n< — Iti aomophyiiia- 
lo^ioal ajid pathological eiiquirios, we wish to compare 
the quantity of nitrogen passed out of the system with 
thu iteoeH and urine, with thu amount of nitrogt-u tnken 
in witli the food. Por tliose investigations the aodn- 
lime process, devised hy Voit, ia tlm lient. For thia 
purjiose a small tubular retort, the bulb of which is 
about <i oontimetres dorp, and U-R centimntn^s brood, 
with the ni!olc bent ut right angles about lU centi* 
metres from the bulb, and drawn nut into K line tutie 
ti ctmtimetRfi long, ami U'>t centimetres in diamet«r, 
has placed in it nonie soilii-linie, r«cnntly hontod to 
redness, to the depth of 1 '5 centiinetit*. 'I'lie narrow 
tube of the retort is then lilted to a. gliuis lloslc (at 
150 cc capacity) by means of a perfomted ooi-k. The 
delivery tube of the retoi-t should pass down nhnost 
to the very bottom of the tlosk. Ity means of a 
second hole in the cork a gloss tube is flxeil which it 
adjusted so as to bo above tlie level of the fluid. The 
apparatus being arriknged, lOU co, of standardised 
dilute sulphuric acid is jiourod by means of the glosa 
tube into the flHsk, and then co. of urine (or in tha 
(Mser of fmcM or food ft ^iem,i ««t(hed dr^, and 
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nft'Trwunls mixed in 6 cc, of water) ai-e pouieii 
sodi^limp. The roisture at once becoroas worm iind 
Bmmouia ia (iiaengaged, which pa*Bcs over into the 
flask wheru it bubbles up through the dilute sul|ihunc 
aci<L At this point of the procueding tbera is a 
tendency for the sulphuric acid to be sucked up the 
tube into the retort. To prtrveiit this the retort is 
held over u spirit lump and heat very cautiously 
applied, care being taken that while the heat is 
sullicieut to prevent the sulphuric acid rising in the 
tube it does not cause too violent disengagement at 
gaa. Wlien the whole of the water has passed over 
from the retort into the ilask, and the gas is passing 
offregulariy and Hteadily, the temperature must be 
raised. TIiIb is done by pla^iing wire gauze round 
Ulii bottom of the retort and applying strong 1 
till the mixture iu the retort Lecomes nearly wl 
When this is so, bubbles of gas are no longer 
engaged, and the sidj>huria acid begins to rial 
Uie tube. The heat muat now be withdrawn and' 
the glubS stopper taken out of the retort. The 
flask JB detached and the contents poured into a, 
beaker, a few drops of litmus solution ([lage 70) 
and the non-saturat«d sulphuric said measured witn an 
equivalent quantity of a standard soda solution. Thus, 
of lOOcc. of the sulphuric acid solution 20 cc. are found 
to be saturated, as ammonia sulphate, and as 1 cu of 
sulphuric acid - 0-001^5 grm. of ainuiotiia, or 
00035 grm. of nitrogen; then fi cc. of urine cdntaiii 
•0035 X 20 = '0700 grm. of nitrogen. Consequently 
if 1200 cc. of urine have bnen passed in the 24 hours 
- ■ , = 16'8 gi-ins. of nitrogen (258 grams). 

And so with fteces, if 80 grras. represent the amount 
of dried fiEces passed in the 24 hours, of which 6 
grma. are distilled with soda-lime, and the resulting 
(unmonia saturates 25 cc. of tt\e va,\^'D.u'c 
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solution, then '0035 x 25 = -OBTS giio. of nitrogen 
for every 5 grms. of dry ffeces, and oonsequently 
— = l'6gi'ms.of nitrogen (2i'6 grains) passed 

off by the bowels in the twenty-four hours. It waa by 
this method that the late Professor Parkes showed the 
cloao parallelism that existed between the entrance 
and exit of nitrogen. Thus, in one case, with an 
entrnnce of 270 grains of nitrogen, 2oi-04 were passed 
off by the kidneys, and 27 74 by the bowels, making a 
total exit of 28178 grains. In a second case the 
entrance amounted to 302'6 grains, and the exit 
3l2'8gi'ainB, of which 296'2 grains passed o£F with 
the urine, and 1 6'6 by the bowels. Kanke also found 
that with an entry of 296 grains of nitrogen, 26'23 
grains were passed by the bowels, and 281 grains by 
the kidneys, making a total of 307 '23 grains of 

The standard solution, of sulphuric add required 
for the process is made as follows : — 126 grammes of 
oil of vitriol are weighed and diluted up to a litre of 
distilled water ; the quantity of sulphuric acid in eaoh 
20 cc. should be determined by barium chloride 
solution, so that each 100 cc of the dilute acid should 
contain I "0 gramme of sulphuric acid, and this 
COiTesponds to 0'425 gramme of ammonia, or 0'35 
gramme of nitrogen. Consequently 1 cc. contains 
0-00425 gramme, or -0036 gramme of nitrogen. 

The sodium hydrate solution must be standardised 
so that 20 cc. of it should exactly neutralise 20 ca of 
the dilute sulphuric acid solution. 
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152. Urlnarf and reoal calculi. — With 
gard to the origin and mode of formation of urinary 
calculi, it may be stated that the nuclei, except in the 
caae of foreign bodiea introduced fi'om without, are 
formed in the kidney, where they may be retained to 
form a renal calculus, or pass down the ureter into the 
bladder, and so become vesical. Their increase in 
size depeada on additions made to the original nucleus 
by the constituents of the urine, and these additions 
may be either of the same nature as the nucleus itself, 
or may be formed of otlier urinary constituents, which 
may become subsequently in excess, or may be de- 
posited by alterations of the reaction of the uriue. In 
considering, then, the history of any given stone, we 
have first to ascertain the nature of the causes that 
ted to the formation of the nucleus, and then trace the 
growth of the stone as exhibited by the chemical com- 
position. o£ its successive layers. Various views liave 
been advanced to explain the formation of calculi. 
The ancient authors lield that stone was formed in the 
urinary organs by a kind of slime baked by the heat 
and dryness of the parts, just as a portion of soft clay 
may by external heat be turned into brick or 
tile,* This view maintained until Marianus Sanctusf 
pointed out that calculi were of two kinds, the one no 
doubt formed by heat, but otliers by cold and humidity 
as marble was formed. Paracelsus was the first who 
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Biibmitted calculous mattei' to chemical Emalysis (1S30). 
He demonstrated that it was composed of organic 
matter or nutritive principle, an earthy principle, and 
a volatile salt ; and he thought cali'uloua matter was of 
tlie nature of tartar, caused by the union of the nutri- 
tive principle and the saline spirit which coagulated the 
earthy matter. This view, with some modifications, 
was held by Van Helmont, and the iatro chemiets who 
followed, and it ultimately resulted in the doctrine of n 
"concreting acid," so that when Scheele in 1776 dis- 
covered uric acid, it was regarded a« being the forma- 
tive principle of Btone, and was in consequeaee 
designated tithic acid. This view was proved 
erroneous by Woliaaton'a discovery of calcium oxalate, 
iimnionio-magnesiuiu phosphate, and calcium phosphate, 
aa constituents of some stones. These discoveries, 
however, gave too great a iironiiiience to the clieiuicftl 
origin of stone, and the idea gained ground that 
urinary calculi were the result of a peculiar diathesis 
wherein uiic acid, oxalic acid, or the phosphates were 
formed in excess in the system, and were eliminated 
in such quantities that they were precipitated in the 
urinary paMsages. The first correction of this view 
WHS made by Front with regard to uric acid, and 
Bence Jones with respect to phosphates, both of whom 
showed that the»j subHtances for their precipitation 
need not be in excess, but tliat they were pi-ecipitated 
oven when present in their normal quantities by 
changes taking place in the reaction of the urine. 
About this time Rainey pnblished his researches on 
molecular coalescence (§ 11, page 26), which drew 
attention to the important part played fay the 
mucus of the urinary positages in furnishing the colloid 
medium in which the precipitated matters were 
moulded. In fact it was the slime of Hippocrates, 
the " gros humeura gluans, espais et visqueux " of 
Aaibrma Pari (_l56i). In tX\ researches, therefore 
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into the origin of stone these two brandies of enquiry 
must be taken in hand together, viz., the nature of 
the precipitated matters and the supply of colloid 
material. With regard to the former our knowledge 
is now pretty definite, and the causes of their depo- 
sition Tpill be found related § 111, page 125, § 113, 
pagea 133 and 134. Thus we have seen that uric 
acid and uratpa are deposited from highly acid tirine ; 
calcium phosphate from urine, alkaline from the fixed 
alkalies ; am monio- magnesium phosphate {triple phos- 
phate) from urine, alkaline from volatile alkali derived 
from the decomposition of urea ; and calcium oxal&t« 
probably from an acid fermentation of mucus in the 
urinary passages as well as from the calcium oxalate 
derived from the Hystem. With regard to the nature 
of the colloid medium various views have been ex- 
pressed. Tlius, Dr. Owen Reea is in favour of a gouty 
catarrh. Among the many evUs arising from the 
gouty diathesis is a tendency to this kind of action on 
Hie part of mucous surfaces. Others have suggested 
some chronic sub-inflammatory condition. Among the 
Germans a specific catarrh l»teitirhildenden cattvrrK) 
has found favour. But if stone originated 
catarrhal or inflammatory conditions it vould be 
frequent than it is, since catarrhal conditions 
dated with depoBitH of urinary constituents often 
aiat together without stone resulting ; for instance, 
nephritis, where, with abnndance of tube-casts, bit 
and epithelium poured into tiieurinarypassages.wehi 
frequently co-mingled urates and uric acid, deposii 
from the concentrated urine, yet stone is not recogni 
as a clinical sequence of acute nephritis. Agi 
calculus is not infrequently met with in person! 
never have given evidence at any period of h 
HuSered from catarrh, gouty or otherwise. That 
I mucus of the urinary passages furnishes the coUoiA- 
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I tLiuk in tlie case of the nucleus, the colloid medium 
is furnished in some other way than the mucus of the 
urinary passaf^s. Some time since I suggested* that 
instead of tlie calculous matter being originally 
deposited in the pelvis of the kidney, the detrasitioa 
might primarily occur in the cells forming thu wall of 
the renal tubules a^ the result of some vital impair- 
ment, BO that the products normally eliminated by 
them were retained aiid deposited instead. In support 
of this view I would urge the fact, that, in the uriiie 
of those animals who secrete uric acid in a serai-solid 
state, it is not difficult to find evidence of this sub- 
stance being contained in the cells of the renal epi- 
thelium. Besides, the late Professor Quekett {Mtd/jsal 
Timet and, Gazette, 1861) gives tlie figure of a crystol 
of calcium oxalate enclosed in a human renal cell It is 
more difficult, however, to prove tliat calculi are formed 
in the tubules, since they must readily shell out and 
pass into the pelvis of the kidney. But Prout, as the 
result of his observations, came to the conclusion that 
uric acid was secreted by the niammillary processes of 
the kidney, in a semi-fluid state, which afterwards 
lieconies hard, and contracts as it hardens. Sir 
Benjamin Brodie,f in confirmation of Prout, refers to 
the fact that iu Dr. William Hunter's Museum, which 
was formerly in Windmill Street, hut which is now in 
Glasgow, there are several preparations illustrative of 
this point in pathology ; to wit, the formation of 
calculi at the mammillary processes. In some of these 
preparations " the mammillary processes have been 
longitudinally divided, and the tubuli uriniferi are 
seen bl<jcked up with calculous matter; and in one of 
them, the development of the calculus being further 

* Lanfrt, vol. ii., 1SS3; aud Quel's " DiotuiiiHT of Medudu," 
uiiole. Caloulua. 

t "Lectaiei on DiuaMi of the Urinvr Organi," 4th pdltion, 
Jt-aao. UmgamaMOa. 
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advanced, it is Been pai'tly embedded ia ' 
of the mammillary procees and partly projecting inl 
' the infundibuluni." 

Again, in the uric acid infarct-s occorring in 
tubules of young infants we find these t« consist of SB 
granules, spheroids, etc, an evidence that the depoa 
tion has taken place in the presence of a colloid ; an 
this colloid, I imagine, is more likely to be a renal cell, 
than furnished by a gouty, or specific catarrh. Those 
who admit the probable formation of the nuclei of 
calculi in the mammillary processes of the kidney 
attribute their formation to the more concentrated 
condition of the urine in the straight portion of the 
tubule than in the convoluted part. The degree of 
concentration is, however, veiy slight, whilst the in- 
creased diameter of the tubule in this part of its 
course, and there being less obstruction to the onward 
flow than in the convoluted part, would more than com- 
pensate for any increase of concentration that might 
occur. The true explanation of the occurrence of this 
deposit lies, I think, in the difference of the anatomi- 
cal structure of this part of the tubule. If we examine 
a urinary tubule, we find it composed, from the neck 
of the capsule to the commencement of the ductus 
papillaries, of a wall of basement membrane (tunica 
propria) on which the epithelial cells lie ; from the 
ductus papillaries to the apices of the pyrandd the 
tubules lose their basement membrane, so that the 
waD is here formed of the epithelium alone, just as 
occurs in the duets of the sweat glands where they 
perforate the epidermis. This portion of the tubule is 
also less freely supplied with blood than the other 
parts of the medulla. In the medulla the blood lb 
conveyed by long vessels, the arisriolsa rectie, which 
collectively enter the medulla from the side of the 
cortex. These arteriole rectte proceed from branches 
of the renal artery, which Eklao gwfc qS *0&% ra\t«ra. 
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inter-! obukris to the cortex. The arteriolw reot«e run 
towards the fiasurelike apacea in the marginal portion 
of the medulla between the fasciculi of urinary tubuIeR. 
A brush of parallel vessels arises from the trunk of 
each arteriolce rectee, and when the vessels of tbla 
brush come into contact with the converging bundlett 
of the urinary tubules, they break up into capillarieEi 
that form looped plexuses round the tubules ; and aa, 
on account of the progressive narrowing of the fissure, 
one artery after another thus reaches the fasciculus of 
the tubules, so do they successively break up inb) 
capillaries. The number of the arteriolse consequently 
diminish towartla the papillce, until in the latter 
only one or two remain, which break up into capil- 
lariea and are distributed over the papillic themselves. 
It will thus be Been that less lilood circulates through 
this part of the kidney tubule, and we know by 
analogy that textures poaaesaad o( feeble circulation 
are particularly prone to undergo degenerative chango 
of some sort or other. The fact also that the base- 
ment membrane disappears at this part of the tubule, 
and that the wall consists alone of epithelium, may 
also tend to produce degenerntive changes in the cells 
composing it. 

A consideration of the clinical conditions under 
which wo lind calculus adds some support to view I 
have adduced Calculous disease is most frequent 
during the period of childhood, early youth, and old 
age,* periods when the tissues, either from rapidity of 
growth or general impairment of vitality, are most 
likely to undergo atrophic and degenerative changes. 
After the age of puberty and during the period of 
middle Hie calculi are comparatively rarely met 
with, although attacks of gravel are common. Wo 
frequently lind the history of a caloulus associated 
with some previous illness, in which the vital powers 
'Stetiitlof oollNted by Sii Hanrr Thompton. 
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have been much exhausted. Blowe on. the loina, 
Tiolent strains of the back, etc., often lead to the 
formation of calculous matter in the kidney; un- 
doabtedlyin some of these cases estravasation of blood 
into the tubule may form the nucleus, but there are 
many cases where a most careful examination of the 
nucleus fails to prove a htemic origin. The frequent 
association of stone with gouty tendencies may b 
explained by the existence of this stete of im]iaire 
vitality and textural degeneration, and the caleulom__ 
deposit that occurs in the renal tubules is caused TlotK 
a similar manner as the deposits of sodium urate, in 
the parts poorly supplied with blood, as the cartilages 
of the joints and ear ; a deposit which is undoubtedly 
due to the inability of these tissues to eliminate the 
insoluble urate. 

But of greater importance than the n 
■which calculi are formed ia the question of thei|^ 
disintegration, since it is upon a study of the cond^l 
tions that tend to produce this result that we caa|fl 
hope to effect their removal from the body. Calcul' 
in the renal or urinary organs break up, or disintegrate,! 
in three ways : (1) Byfraature from, direct violence. Sir 
Benjamin Brodie {op. dt. 286, 267) has recorded 
instances of atones being fractured, appeirently by 
concussion against each other. To allow of this, the 
calculous material must have been poor in organio J 
matter and consequently very brittle ; or there mfcyfl 
have been a friable layer interposed between twoB 
harder ones, as in Dr. Ord's case {FalA. Soc. Tram., 
vol ixx., p. 319). (2) Sponlaneoiu fracture. Dr. 
Ord has collected several examples of calculi under- 
going fracture, appai'ently fi-om forces contained 
'thin themselves. In two cases {Path. Soc. Tri 
■L xxviii, p. 171 ; vol. xxix., p. 162) it seemed to b« J 
caused by expansion of the nuclei; in a third (voI.T 
",, p. 304), the spores and mycelium of a fur 
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were found mixed with the debris, and Dr. Ord thinks 
this fungus growth was the cause of the breaking up 
of the calculus. Mr. Pearce Gould has drawn my 
attentioa to a calculus recently removed at the Middle- 
sex Hospital, which contained, in its interior, purulent 
fluid ; one can readily see how changes in a fluid 
contained within any of the liiyers of a calculus might 
lead to its disintegrution, either from disruption owing 
to decomposition of the fluid, causing the evolution of 
gas, and so, as it were, blowing up the calculus ; or 
elsB from the drying up of the fluid and the caving in 
of the walls surrounding the cavity. (3) Disinlegralion 
by medical means. In spite of Sir Heniy ThompHoa'a 
iitatement, that he " cannot tiud that any patient 
certified to have atone after sounding by a competent 
surgeon, after a course of any solvent being again 
sounded, or submitted to autopsy, was found free from 
stone," consiilerable success attended the adminis- 
tration of solvent remedies by the phyaiciana of 
the last century for the relief of vesical calculi. 
Sir Henry Thompson seems to have overlooked the 
oases reported, by Stephen Hales, F.R.S., and David 
Hartley, F.R.8., of the four patients examined tmd 
treated in Guy's and St. George's Hospitals by 
surgeons of those institutions under the observation of 
the president and censors of the Hoyal College of 
Physicians with a view of determining the merit of 
the solvent treatment.* Certainly Cheselden, Nourse, 
and Sharp were cooipetent surgeons, and not likely, in 
testing what was considered a quack medicine, to have 
omitted to state the fact if tiiey had been able to 
detect a stone od the subsequent sitting. As these cases 
have been overlooked by modem writers on calculous 
diseases, I quote them in brief in order to show ths 
success attuined hj this mode of treatment. 

• Tracts B (?fo. 4) 250, in the Ubnrj Rojal Uedial ud 
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Ca»e \. .Mr. Gardiner let. 61. Sounded by Mp. I 
'n presence of Mr. Wall, apothecary, Nov. 30, 



1738. Stone detected. Took aolventa for eight J 
months, during which time he poBsed many fragments \ 
Soundeil again Sept. 14, 1739, by Mr. Sharp, ' 
the presence of Mr. Cheselden, Mr. Sainthill, Mr. I 
Belcher; no stone detected; relief from all symptonM. 
Case 2. Peter Appleton, set. 67. Sounded by Mr. 



Sharp, Guy's Hospital, July 6, 1739, 



3 of 

Dr. Pellet, President ; R. G. Phys. Dr. Whittaker, 
Censor; and Dr. Nesbit. A stone found which was 
considered a large one. Took solvents for five monthii, 
during which time he passed much grit. Sounded 
again Nov. 9, by Mr. Sharp, in the presence of thirteen 
Burgeons and physicians ; no stone could be detected ; , 
relief from all symptoms. 

Case 3. Hemy Norris, set. 55. Sounded at Sttr| 
George's Hospital, Ang, 17, 1739, by sever 
Stone detected. Took medicines four months, durii 
which he voided a thick sediment. Sounded again a 
St. Geot^'s, Deo, 14; no stone could be detected'jfl 
relief from all symptoms. 

Case i. William Brightly, let. 79. 
Guy's Hospital, Sept. 8, 1739, by Mr. Sharp and Mr. I 
Gardiner. Stone detected. Took solvents for four J 
months, voided grit freely. Sounded again at Guy'o 
Hospital by Mr. Sharp ; no atone could be found. 

In addition to these well-authenticated eases, I J 
have collected some 130 coses in which the use of * 
solvent remedies was followed either by complete 
relief or diminution of the suffering. The introduction 
of lithotrity as an operation has rendered the use of 
solvents unnecessary as regards the treatment of 
vesical calculi ; but the question may be asked why, if 
such successful results were obtained last century with 
solvents as [■egarda vesical calculi, why do wo not 
succeed witli the same remediea in taeaium^ le^ysi. 
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calculi now 1 The anawer ia, that the conditions 
under which renal concretions can be submitted 
to solution are distinct fvom those which subsist 
in the case of vesical concretions. With the latter 
we have the nrinary bladder, capable of holding 
four ounces of strongly aLkiiline fluid completely 
surrounding the stoue, and, moreover, easily kept 
alkaline ; whilst, to increase the concentration of 
fluid in the bladder, the patient was ordered to drink 
sparingly, and to restrain himself from passing water as 
long as he could. With renal calculi, however, the 
case is difliirent. The urine in contact with the 
calculus at any given time is only a small quantity, 
and as this posses away directly to the bladder, it is a 
matter of extreme difficulty to keep the urine constantly 
albatine. Alkaline remedies have, consequently, to be 
given more frequently, and the af^regate amount of 
alkali required to effect anything like a decided chemi- 
cal action is much more than would be the cose than 
when the whole of the alkaline urine was collected in 
the urinary bladder. Moreover, there is the greatest 
difficulty in maintaining hour by hour the urine in 
an alkuline stiite. A dose of alkali is speedily 
eliminated, and though it renders the urine strongly 
alkaline for a time, at Ihn end of two hours the effect 
has generally passed off, and the urine becomes acid. 
So while the urine in the bladder may remain alka- 
line from the first portion of the secretion, tlie latter 
portions as they come from the kidney may be acid. 
Moreover, the experiments of Bence Jones, Parkes, 
Beneke, and myself,* have shown that the alkaline 
bicarbonates, whilst they render the urine alka- 
line for a time, subsequently t«nd to increase the 
acidity. And it is probable the vegetable salines, 
the citrates and tartrates, act similarly, since they are 
reduced to the condition of bicarbonates in the blood. 
• Lantxt, Nov, »th, 1878. 
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At all events, Dr, Bence Jones found that although 
five drachms of tartrate of ammonia were taken in one 
day the urine was not made alkaline, whilst with a 
fixed alkali like potash this large dose was required to 
keep the urine alkaline for a portion of the day only. 
Not only also is there a difficulty in getting patients to 
take these large doses with sufficient frequency and 
regularity, but I doubt the propriety of giving stxot 
large dosea of the alkalies for long periods of time, 
have found qnite aa much good result from the cos 
tinued use of distilled or soft water. Dr. Murray, ( 
few years back, called attention to this mode of treaM 
ment, and I have since employed it in all 
under my notice, and I can fuUy confirm all ] 
Murray said in ita favour. In one case {Path. 
Trans., voL xxxiii., p. 206) the calculus was passed a 
ti mere shell, much eroded, after two years' persistenaj 
in the use of soft wat«r, just at a time * ' 
question of operative procedure was being entertained^ 
In cases of anmUer calculi they came away more freely, 
their surface being eroded, showing that some diminu- 
tion in bulk had been occasioned. The action of 
distilled water in promoting the disintegration of 
cBilculi may be explained by its taking Up inorganic 
matter and withdrawing it from the body ; whilst by 
taking four pints daily of soft water instead of four 
pints of ordinary drinking water, about 60 grains of 
■aline constituents (chiefly lime salts) are cut ofT. It 
is evident, therefore^ if we diminish the supply of 
inorganic matter, less will be withdrawn from the 
body, so that after a time the urine will contain less 
and less ; and it has been shown that the poorer 
calculi are in iuorganio constituents, the greater their 
tendency is to disintegrate. Again, soft water has a 
powerful diuretic action, increasing the urinary flow 
by 12 to 20 per cent, and diminishing the specific 
gravity. Now, Mr. Bainey in his work c 
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coalescence has ahown that bodies placed in solutions 
of different density, to tliat in which they were formed, 
'liBve a tendency to undergo molecular disintegration. 
Lastly, soft water seems to diminL^h the catarrh of 
the orinary passages, and thus prevents the excessive 
formation of mnouB, which aids in the growth of the 
calculus. This ia a point that ought to be more 
attended to than it is, for not only does the reduction 
of the catarrh prevent any further increase in growth, 
but it gets the urinary passages into a better state to 
allow the passage of the stone. 

Cfiemieal exom.inalton of urinary ca/culi. — 
Notice the siKe and general appoaranco, whether in 
section they are made up of concentric layers, or pre- 
sent a uniform surface. A portion of the atone ia 
then broken down and reduced to powder. If the 
stone is made up of different layers, a portion of the 
powder of each layer must be submitted to analysis. 

Olass I. Little or no residue is left when a smoU 
portion of the powder is burnt on platinum foil under 
the blow-pipa The calculus may consist of Uric acid, 
Xauthin, Cyatin, or Hsmic elements, or is Fibiinous, 
or composed of Urostealith. 

(1) fric acid calculi are the most common of all 
calculi, constituting about 80 per cent, of all varietiea, 
and often attain a conaideraljle size ; they are usually 
smooth, and of a light yellow or reddish - brown 
colour. The burnt jmwder evolves an odour of 
prussic acid and of burnt animal matter ; the ash is 
extremely small, and contains tiiices of sodium phos- 
phate and carbonate. Dissolved iu liquor potassie, 
find reprecipitated by the addition of hydi-ochloric acid, 
the characteristic crystals will be observed under the 
microBcopB. Heated with nitric acid and touched with 
tuonuaUA theparpls oolt)ul(mttl»aiila)wilt ba prodneedi^ 
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(2) Xo/n^vn ealeuU are extremely rare ; they are 
usnally sinootb, and of a cinnamon colour, takmg a 
polish wLen rubbed. They dissolve in nitric acid 
without effervescence ; and do not yield the murexide 
reaction with nitric acid and ammonia. To obtain 
ciyBtals of xantbin dissolve a little of the powder in 
hydrochloric acid on a glass slide, and allow the solu- 
tion to evaporate filowly. 

(3) Cyatin calculi lire also very mre, they have a 
Bmooth surface, a greenish-yellow colour, and break 
with a crystalline fracture ; they are the softest of all 
calculi, and for some days after their removal are com- 
pressible. Cystin dissolves in the caustic alkalis and 
in strong mineral aeids ; on evaporating the ammonia 
solution cystin is deposited in regular hexagonal 
tables ; on evaporating the hydrochloric solution cystin 
crystallises in radiating needles. Boiled in a solution 
of caustic potash with a little lead acetate, a black pre- 
cipitate of lead sulphide is thrown down, which is 
due to the presence of sulphur contained in the cystin. 

(4) Hamv:, fibrinous, urottealith, and indigo amcre- 
tioTia clear considerably, and leave little or no ash. 
The hcemic concretions both microscopically and 
chemically show that they are derivations from blood. 
The fibrinous concretions give the reaction of fibrin. 
The uroBtealith concretions, which are a mixture of 
fetty and soapy matters, mucus and withered cell 
forms, dissolve in ether. Concretions of indigo are 
sometimes met with. {See Dr. Ord's case, Path. 
Soc. Trans., vol. xxix,, p. 155.) The best test for 
the presence of indigo is the reducing action of 
glucose in an alkaline solution (g US, page IfiO). 
The probable explanation of the dejrosit of indigo 
in the urine will be found § 77, page 53. 

Clabs II. A considerable residue is left when a 
small portion of the powder ia burnt 011. ■i^'wsKcsa 
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foil. The calculus may consiBt of Calcium pliospliate, 
Animonio-inagiiesiuia phosphate, Calcium oxalate. Cal- 
cium carbonate, or Urates. 

(1) Calcium pAogji/uite. — Calculi composed solely of 
this Bubstance are extremely rare ; when met with they 
are often of considerable size. They have a white 
chalky appearance, and their surface is very friable. 
Moat commonly calcium phosphate is raised with 
ammonio-magnesium phosphate, forming the mised or 
ftiaibU calculus ('^.v.). The ash does not fuse {vnfuiihle) 
under the blow-pipe, is soluble without efTervesoence 
in hydrochloric acid. The acid solution gives a pre- 
cipitate with ammonium oxalate, indicating the pre- 
sence of lime ; and a yellow precipitate with uranium 
nitrate, shows the presence of phosphoric acid. 

(2) Ammonio - Tiiagnesium phosphate, rare aa an 
entire concretion, but frequent as a layer or crust of 
other calculi- Since it in formed whenever the urine 
becomes alkaline from the presence of volatile alkali 
(ammonia), the result of ureal decomposition set up by 
morbid state of the urinary paBsagea, and thus it be- 
comes a frequent component of urinary calculi. Under 
the blow-pi])e the ash fuses with difficulty, and dis- 
solves in hydrochloric acid without effervescence. The 
acid solution, when ammonia is added in excess, throws 
down the characteristic crystals of triple phosphate. 

(3) Fugible calciilua, a mixture of calcium phos- 
phate and triple phosphate, often with some addition 
of calcium oxalate ; frequently attain a considerable 
size in a short time. Under the biow-pi]ie /u»e» into 
a glistening enamel, which adheres firmly to tlie pla- 
tinum foil on which it is fused. The ]Mjwder of the 
calculus dissolves readily in hydKichloric acid ; the acid 
solution, on the addition of ammonium oxalate, throws 
down a precipitate of calcium oxalate, indicating the 
presence of lime. If this is filtered off and aQimonia 

udded, crystals ot triple phosphate wilt cryatallioe oa4» 
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If the calculus coutaiiia traces of calcium oxalate, the 
ash wiU dissolve with effervescence, and a portion of 
tlie calculus itself will not dissolve in acetic acid. 

(4) Calcium oxalate ealeuli are either small and 
pale-ooloured, or lat^e, dark-coloured, with a rou<;fa, 
irregular aur&iCe, and on section present an angular 
structure, with irregular, dark-coloured laminie. The 
smaller calculi, from their size and appearance, are 
termed "hemp-aeed calcuK;" the larger "mulberry 
oalonli." Very rarely it is deposited on other calculi in 
a crystalline form. (See case reported by Mr. Morrant 
Baker, Path. Soc. Trang., toI ixv., p. 261.) Heated 
on platinum foil, it first of all chars from the com- 
bustion of the organic matter, and gives off an odour 
of burnt animal matter ; finally the residue becomes 
white, and consists of calcium carbonate, which dis- 
solves with effervescence on the addition of hydro- 
chloric acid, owing to the reduction of the oxalate to 
ft carbonate by combustion. This solution, when 
neutralised with ammonia, throws down a, precipitate 
of calcium oxalate on the addition of oxalic acid. .V 
portion of the calculus itself is insoluble in acetic acid 

(5) Calcium earbortale ealeuli are rare, but when 
met with are generally multijiie, occurring in large 
numbers, often derived from the prostate gland. They 
ue spherical in shape, sometimes cubical or pyramidal. 
On section they appear to be composed of concentric 
rings, and by polarised light they sometimes display a 
dark-looking cross. Powdered, they dissolve in hydro- 
dikiric acid with effervescence. Under the blow-pipe 
the powder slowly fusee. 

(6) Uratet. — Calculi composed entirely of niatea are 
tvry rare; theyare generally found mixed with uric acid. 
They are distinguished from this liody by the powder 
being soluble in hot water, which diiisolves the urates, 
leaving the uric acid. The filtrate evaporated gives 
witli nitric acirl and ammonia the muresAdft v«»iAkf&. 
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153. BfllRiT calculi vary in size from mere 
grainB to masses oe large as pigeon's eggs, or even 
larger, since stones meaauring from two to two and a 
half inches long, and one inch, thick, are to be found in 
most hospital museums. Their number is in inverse 
proportion to their size ; the smaller they are the mor« 
numerous. Some thousands of small calculi, varying 
in size from a grain of sand to that of a small pea, are 
often recorded as having been removed from the gall 
bladder. The medium-sized stones are generally 
multiple, but they are not present in such excessive 
numbers, whilst the large stones ai-e usmilly solitary. 
It is rare for one atone to differ from its fellows, taken 
from the same gall bladder. However numerous the cal- 
culi may be, or vaiiable in size, in external ajipearance 
and chemical composition they will be found to cor- 
respond. Gall stones, though more or less rounded 
form, vary considerably in shape ; thus they may be 
cubical, pyramidal, poSyliedral, etc., with the eiJgea 
rounded off and facetted, or their plane surfaces ren- 
dered concave. These changes from the roundett or 
OToid form are brought about by mutual pressure, when 
there are more than one calculi present in the gall 
liladder. With solitary calculi the rounded or ovoid 
form is generally preserved. Foliated and branched 
concretions are I'arities. In exteiTial appearance they 
are generally smooth and slightly greasy to the touch. 
(Jthers have roughened, nodulated surfaces, resembling 
in appearance lychee nuts. The colour varies from 
a dirty white to a yellow-brown, or even deep black 
colour. The prevailing shades, however, are brownish 
black (sepia), deep olive-green, and russet brown. In 
consistence they are soft, excejrt in some forms, when 
the crust I'onsists largely of lime aalts. This portion of 
the calculus is often unusually hard. On section biliary 
calculi present a variety of aj>pearance8. They may have 
* ipie tmiform structure, appaiently h 
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throughout, breaking with eitlier a crystalline or 
an earthy fracture ; theae calculi are, however, com- 
paratively rare. The most common forma are those 
that present a distinct nucleus, a body, and eometimes 
acrust or thin rind covering the body. The nucleus, in 
recent calculi, ia generally horaogeneoue in appearance, 
but in old and dry gall-stonea it is often shrivelled and 
fissured- It consists for the most part of inspissated 
mucus, with biie pigment and cholesterin ; sometimes 
it consists almost entirely of cholesterin. FoT^ign 
bodies often form the nuclei Thus, round worms, 
distoma, fragments of needles, plum stones, aggre- 
gations of quicksilver, have all been met with in the 
interior of biliary calculi. The. body of the calculus 
on section presents (a) an amorphous appearance of 
browniah-yellow colour, the material being arranged in 
concentric layers round the central nucleus, the estemal 
surface having sometimes a. crust or rind, but oftaner 
no distinct crust or riud can Vie made out. (b) From 
the nucleus long stratified crystals of cholesterin 
radiate towards the circumference of the stone, which 
is covered with a dense and often nodulated crust. 
Various explanations have been offered to explain why 
soma calculi are amorphous and others crystalline. 
Schueppel thought that it was the mingling of 
the bile colouring matter with the cholesteiin that 
prevented it separating in the crystalline fonu. 
Wherever, then, according to this view, there ia 
much pigment, the calculi are amorphous. Dr. Ord 
(PatL Soc. Traits., vol xxjti, p. 141) explains it 
thus : When first precipitated the cholesterin is dis- 
seminated through a bed o£ biliary pigment, a colloid 
of high molecule. This not only prevents the forma- 
tion of separate crystals, but tends to group the 
crystalline matter into spherules. If the colloid always 
remained a colloid, no further change would occur; but 
the coUoid pigment tends in pi-ocess of time to becowi 
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cryatftlline, and aa step by step it assomea that con- 
dition, the two BubBtances are segregated into two 
zones, a central one of the more adhesive pigmeDt, 
an outer one of the polar crystal. An experiment of 
Dr. Ord's, showing the separation of oholesterin from 
bile pigment, after deposition in combination there- 
with, may be cited in illuatration of tlie proposition 
advanced. A gall atone containing a great deal of 
pigment is reduced to fine powder. Some of this is 
mixed on a glass slip with glycerin and glacial acetic 
acid, and the mixture is covered with thin glass. The 
slip is then slowly heated, ovei* a spirit flame, to 
ebullition. When the powder is in great part dia- 
solved, the slip is transferred to the mitToacope. The 
fluid is found in a state of great agitation, and filled 
with very small yellowiah spherules, which run 
together to form large spherules of all sizes. These 
move about the Held -under the influence of the 
currents, with all sorts of amusba-like changes of out- 
line ; but they are perfectly homogeneous, and do not 
affect polarised light Presently they become station- 
ary, lose their transparency, and begin to crystalliae, 
t',16 process beginning at one point and extending 
thence quickly over the whole mass. The crystallisa- 
tion converts them into lozenge-like bodies, coverwi 
with somewhat round or angular projections, finely 
marked vrith bent parallel lines indicating imprisoned 
ttcicular crystals. Veiy often the interior remains 
Uncrystallised, but in a state of evident tension for 
some time. The crystals are perfectly oolourlesa, the 
pigment being separated from them in subcry stall ine 
nodules of a brilliant yellowish-red, like that of htenia- 
toidin. After a varying time, Bometimes many hours) 
the imprisoned raphides burst from their envelope, 
and the whole mass bristles with them, star-fashion. 
At the same time the tense interior arranges iteelf in 
.vucenti-ic iamiato of paraUel Vadiating ctystoUinS 
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fibres, still completely separate from the pigment, 
which forma alternate layers j so that we have before 
our eyes, within a few hours, the spectacle of the 
formation of a tiny biliary calculus. 

In this experiment, however, the solution of cho- 
lesterin and bile pigment was first heated, and it is 
natural to expect tliat, incooling, the least soluble of the 
two would separate out first, and that would be the 
cholesterin ; but it is doubtful whether the conditions 
for such separation exist in the body, nnleas the choles- 
terin is in considerable excess. 1 believe the whole 
question depends simply on the amount of mucua pre- 
sent in solution. If this is in excess, then the choles- 
terin separates o\it slowly in an amorphous form, carr}-- 
ing with it the pigment. If the mucus is not abundant, 
and the cholesterin is in excess, it is deposited rapidly 
in a semi- crystalline state, leaving the pigment behind. 
A chemical examination of Uiese calculi shows that 
after the cholesterin has been removeci by ether there 
is very little organic residue, whilst the cruat is poor 
in pigment but rich in lime salts, which sometimes 
assume a rod-like spiculated form. AH giill stones 
contain cholesterin. Some, indeed, consist almost 
entirely of this substance, these concretions, which 
are not frequent, being generally met with in young 
children. The mixed calculi are by far the most 
common, containing a variable proportion of choles- 
terin, from 30 to 90 per cent., mixed with bile pigment, 
traces of a fatty acid in combination with lime {mar- 
garate of lime ; Frerichs), and sometimes a small quan- 
tity of bile acids, and an organic matrix derived from 
the mucus of the gall bladder. The inorganic residue 
consists chiefly of lime salts, carbonates and phosphates, 
traces of iron, and sometimes copper. 

An analysis of gall stones is conducted as follows 
Separate portions of the crust, the body, and tl 
nucleus, are to be submitted for analysis. Weigh 
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fragment, intinerate under the Uow-pipo, weigh 
the ash ; the difi'erence represents the amount of or- 
ganic luatter present ; examine for hrae salts (§ 84). 
Tlioi'oiigMy exhuuat another portion with ether, decant 
08' the ethet-ial solution and evaporate ; weigh ; this gives 
the amount of choleeterin present. Test for cholesterin : 
fay adding n drop of nitric acid, heating, and touching 
residue with ammonia, when a reddish-brown color- 
ation will he given ; or by evaporating with ferric 
chloride, and touching with hydrochloric acid, when a 
Tiolet blue is yielded. The residue left after exhaus- 
tion with ether is then treated with chloroform, and 
the chloroformia solution evaporated, when a brownish 
powder of bile pigment will be obtained (S 140). Some 

p calculi consist almost entirely of pigment. They are 

r rare, however, are small lilte gravel, and have a tarry 

I blackish lustre. When broken across they appear 

I homogeneous. 

I 154. PaocrcHtie calculi are of rare occurrence, 

usually associated with an atrophied condition of the 
gland. They are generally multiple, and are found in 
the main and accessory duct of lie organ. They are 
oval in shape, and their surface often presents a worm- 
eaten appearance of whitish colour, which whea 
rubbed acquires an enamel-like lustre. When broken 
ucrosa, the fracture presents a glistening white porcs- 

' lain appearance. In some ealcnili I reported on for 

the Oliemioal Committee of the J'ctt/iologicat Society 

\ (Trans., vol. xxiv., p. 137) I found they consisted of 

24 per cent, organic matter, and 76 per cent, inorganic 

ash. The latter chiefly oonsistfld of calciuni carbonate, 

calcium phosphate being in smaller proportions ; the 

' Bolubte ailts, chlorides and carbonates of ' ' 

I soda, being extremely smalt. Process ( 

Weigh a portion of the calculus, reduo 
powder, incinerate, weigh ; the difference i 
tfienmountof oiwucmatter snd-n 
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the ash into two portions. With one, estimate amount 
of lime (§ 84), potash, and aoda (§ 88). With the other, 
dissolve a part in aw.tic acid, and estimate the phos- 
phates (5 113); and the other part in hot water to 
determine the ohlorides (§ 114). The cai'bonutes are 
determined as follows : A weighed portion of the ash 
ia dissolved in water and introduced into asomll flask; 
this flask is fitted witli a bulb tube filled with dilute 
nitrio acid, which is prevented from flowing into the 
mixture by means of a pinchcock. The apparatus is 
now weighed and attached to another flask containing 
coneeiitnited sulphuric acid, and the bulb tube pushed 
down to nearly Uie bottom of the flask, the pinchcock 
pressed and the dilute nitric acid allowed to mix with 
the contents of the flask. WLen the carbonate is com-, 
pletely decomposed, the flask is placed in warm water 
and gentle suction applied to a tube passing through a 
perforated cork of the second flask till aU the carbonio 
acid is removed ; the appai-atus is then allowed to cool 
and is again weighed ; the loss of weight represents 
the amount of carbonic acid present in the salt ex- 
amined. The amount of eirbonic aoid thus obtained 
is, however, somewhat in eitcesa of that existing in the 
form of carbonate in the concretion, since some of i" 
is derived froin the combustion of the organic matter, 
155. Intestinal concretions are found chiefl) 
in the cteoum and large intestines. They vary considt 
ably in size and composition. In colour they are y 
lowish, inclining to grey or brown tints. Their nuclei 
is usually a foreign body, a galJ-sf^ne, woody fibi 
fruit stone, etc Intestinal concretions having a de 
nite composition consist chiefly of ammonio-magnesiui 
phosphate, calcium phosphate, carbonate and sulphatd^ 
organic matter and fat. The analysis of these calculi 
is to be conducted as for urinary calculi (Class IL). 
They ahould, however, always be extracted with ether, 
to see if they contain cholesterin. When carbonatB of 
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magnesia Laa been taken habitually it may accumulate 
and concrete in the intestines. Concretions of yellow 
waxy apiieai-ance are sonietimea passed, varying in 
size from a pea to a filbert; they chiefly consist of 
fatty matter from 60 to 70 per cent., mixed with 
earthy phosphates (lime and magnesia) and an 
animal auhstance of fibrinous nature. The fatty 
matters can be removed by ether, and the etherial 
solutioa examined to ascertain the nature of the fats 
as directed (§ 99, page 85). The organic residue or 
fibrinous mass will give the reaction with hydrogen 
peroxide (§ 23) ; the earthy phosphates estimated as 
directed (§ 113, page 13G) ; the lime and magnesia as 
directed (§§ 8i, 85, pages 59, 60). Other concretions 
may consist of masses of hair, woody fibres, and husks 
of seeds. In Lancashire and Scotland concretions 
composed of the caryopsis and fragments of the en- 
velopes of the oat, studded or encniated with crystals 
of triple phosphate, are not uncommon. Concre- 
tions of this character are only to be detected by a 
microscopical examination. Animals, esjieoially die 
herhivora, suffer much from intestinal concretions. 
In Pereia and Thibet, jieeuliar stones termed " bezoar" 
are met with in a species of antelope. They contain 
no cholesterin, and yield only little ash when burnt, 
and seem chietly to consist of ellagic acid, an acid 
related to gallic acid. It is, therefore, probable that 
these concretions are derived from a vegetable source 
in the articles used for diet. 

156, Salivary calculi are of rare occurrence in 
man. They generally occur in Wharton's duct near 
its outlet, where they may be easily recognised. More 
rarely they are situated deep in the main duct near 
the gland (Path Soc. Trans., voL xxiv., p. 88). The 
nucleus often consists of a splinter of wood or a frag- 
ment of bone. They are generally of rounded oval 
form, /rrejish-yeUow in colour, and tuberculated on 
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the surface. Their average composition is ; Ot^ania I 
matter and Water, 13 ; calcium carbonate, 80 ; calciuiD),! 
phosphate, i; and magnesium phosphate and carbonate r 
3 per cent. For analysis proceed as directed for 
pancreatic calculi. 

157. Prostatic concretions oceaaioDally Tonn 
in the body of the prostate gland. They are of two 
kinds, (o) very Bmall rough concretions varying in size 
from a poppy seed to a mustard seed, extremely num&- 
rouB, of yellowish colour, occurring in the gland before 
any extensive disorgaiiisation takes place ; (6) larger 
concretions, of irregular and porcelainous appearance, 
generally met with when the gland is greatly dia- 
integrated. The former variety consists of calcium 
carbonate, mixed with a little calcium phosphate ; on 
section they exhibit a series of concentric lines. Their 
powder efi'erveacea strongly on the addition of hydro- 
chloric acid, and yields an abundance of carbonic 
acid gas. The acid solution, with ammonium oxalate 
added in excess, throws down a precipitate of caltniuQi'^ 
oxalate, indicating the presence of lime ; whilst a fe^ J 
drops of uranium nitrate solution when added to the 
acid solution throws down a precipitate showing the 
presence of phosphoric acid. The larger concretions con- 
tain less carbonate but more phosphate of lime than 
the smaller ones. It must not be forgotten that there is 
always a diinger of some of the smaller calculi finding 
their way intxj the bladder, and thus becoming the 
nuclei of vesical calculi 

188. Oonty concretions. Tophi.— Gouty per- 
sons are subject to deposits of sodium urate encrusting 
the surfaces of the bonea, infiltrating within tendons 
and their sheaths, and depositing in the cartilages of 
the ear. In the majority of cases those deposits 
lead to marked deformities, but in others, though 
not a trace of external deposit may be perceptible, 
it can be demonstrated that the cartilagpa aiid. <&^h)iK 
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Htruutures of the joints may te infiltrated with sodium 
urate. Indeed, Dr. Garrod insists that gouty in- 
flammation is inyai-ialily attended with the deiJosition. 
of Hodium urate. Certainly the deposit is neyer met 
with in acute or chronic forms of rheumatism, nor 
in rheumatoid arthritia ; but whether an attack of 
gout invariably leads to the deposition of sodium 
urate is a point that requires further evidence 
before it is finally settled, ttiough the balance of evi- 
dence is certainly in favour that it is. The oases 
bi-ought forward hitherto to disprove it were not 
esamined so completely as they ought to have been, 
and minute traces are easily overlooked. Beforo 
deciding that no sodium utato is deposited, a most 
searching investigation is required of the cartilage and 
synovial membranes, since, when present in extremely 
email quantities, it is likely to escape observation. 
When firat deposited the sodium urate is in a semi- 
fluid state, but it soon becomes hardened and chalk' 
like. On making a vertical section of cartilage 
affected with this deposit, it will be found that it does 
not extend very deeply, rarely exceeding two-thirds of 
its depth. The deposit appears to the eye amorphous, 
but on microscopic examination it is found to consist 
of small gi'anules mixed with crystiilline needles. If 
the cartilage be cut into thin slices and washed with 
cold water unit alcohol, and then digested in hot w&ter, 
the depi'sit is removed, and the cartilage beoomos 
trana^iarent. The aqueous solution being evaporated, 
crystals of sodium urate will be deposited in small 
tufts. Evaporated with nitric acid and the residue 
touched with ammonia, they give the purple (murexide) 
reaction of uric acid, whilst the ash left after incinera- 
tion with the blow-pipe gives abundant evidence of the 
pre.>ience of soda. These deposits are said to have 
been found in other situations besides those above 
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meninges of tbe brain, and in the concretiuns on the 
Talves of the heart and in the atheromatous deposits 
in the aorta. Dr. Garrod, however, has failed to find 
the least trace of uric acid in such situationa, and 
Euggeata that talmlar crystals of cholesterin may have 
been mistaken for that body, I would further suggest 
that the chemical t^st. if applied, might mislead, since 
cholesterin evaporated with nitric acid and touched 

might be uiistttken for the purplish red given by 
uiio acid with this test. In the gouty kidney 
white points and streaks are to be seen upon the 
pyramidal portion of the kidney. In tiiese cases tJie 
sodium urate is generally believed to be deposited in 
the tubules, but Dr. Ga,rrod thinks that it is embedded 
in the fibrous structure itself. The microscopical 
appearances of this condition of kiilney are admirably 
described by Dr. Geoi^e Johnson, in his work on 
diseases of the kidney. 

159. Misceilaneons con ere aons— These con- 
sist chiefly of varying quantitits of calcium carbonate 
and phosphate, with much fatty matter, chiefly eho- 
leateiin, fibrin, casein, gelatin, etc., and proteid bodies. 
Such are the pulmonary concretions, deposits in mus- 
cular tissues, nasal concretions, etc The following are 
a tew of the recorded analyses gii"ing the percentage 
amount of the oi^nic matter aud calcium phosphate 
and carbonate : 
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Lassaigne found 58 parts of choleeterin, 39-5 proteid 
matter, and 2*6 of calctum phospLate (Simon). 

160. Products of degeneration. — These are 
generally diviiled into two classes. Those in wliich 
there ia a. direct •mstamwphoiis of the proteid elements 
of a tissne, and which ia generally followed by the 
destruction of the histological elements, and the soften- 
ing of the intercellular substance, bo that the com- 
position and structure of the tissue may be completely 
altered. And those in which there is no conversion 
of the proteid elements themselves, into a material of 
another kind, but the new substance is introduced 
from without by the blood by a process of vn-fiUTaivon. 
Here the eel! elements and intercellular substance are 
not softened or clestroycd to any great extent, and even 
then it ia due to secondary metamorphoBis produoed 
by the infiltration, ns the futty changes that are 
ossDoiatod with krdaceoua infiltration. 1. Fatty de- 
genera lion may occur either as an infiltration or a 
metamorphosis, but no decided line of demarcation 
con be often made between them, since the same 
cause may be in action at the same time, both within 
and without the tissues ; and also, the deposit of fat, 
having accumulated, may, in consequence of the 
pressure it occasions, lead to fatty metamorpliosU efl 
well In fatty infiltration, when the process ia dis- 
tinct, the fat is deposited in oily drops within the cells. 
These at first are small and distinct, bnt as tlie process 
proceeds they accumulate and fill the cell, obscuring 
the muscles and protoplasm. But these remain un- 
altered, 80 that if the fat is removed they may be 
restored to their original condition. Fatty infiltration 
occurs chiefly in the voluntaiy muscles, which have 
been disused, as in paralysis, joint diseases, lead palsy, 
etc. ; in the muscular tissue of the heart, and espe- 
cially iu the liver. In this latter instance it is im- 
portant to distinguish it from the acute tatty changes 
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that are brought about by the action of certain poisoiiB, 
etc. In fafcty liver, due to infiltration, the organ ie 
increased in Eize, the surface is smooth, and the edges 
rounded. The section presents an opaque yellowish- 
white colour, in early stages only affecting the portal 
area of the lobules, but graduaUy extending to t!ie 
whole lobule, IcaTing only a reddish point in the 
centre, at the origin of the hepatic vein. Fatty in- 
filtration is a chronic process. It may be induced by 
excessive use of fatty food and alcohol, and is the 
frequent result of chronic wasting diseases, in which the 
oxygenating power of the blood is diminished. In acute 
fe,tty degeneration of the liver the organ is diminished 
in bulk, the Burface is ■wrinkled, and the edge sharp. 
On section it presents a yellowisli-red colour, which 
may be uniform throughout, or else mixed with patches 
of briek-red (Zenker's patches). The lobules have 
Mitirely difiappeared, and the cella consist only of fat 
granules and debris. The process is acute. It is met 
with in the disease known as acute yeUow atrophy, in 
phosphorus poisoning, after the injection of the bile 
acids, and in some few instances it has been found in 
patients dying of acute diabetic coma. Fatty infiltra- 
tion is brought about by excess of fat in the blood ; this 
may be simply as a consequence of general obesity, or 
from defective oxydation, which accounts for the fatty 
changes which are associated with chronic pulmonaiy 
disease, especially phthisis. Fatty degeneration difi'ei-s 
from the preceding, in that the fat is not derived 
directly from the blood, but by retmgrade changes 
taking place in the proteid constituents of the tissues 
themselves. Extremely minute granules of dark colour 
of strong refractive power, and very soluble in ethor, 
first diffuse through the proto|ilasm. As the process 
continues, the nucleus is invailed and the cell wall 
disappears. The granules at first are more or less 
cohra^nt^ forming rounded masses (corpuscles of 
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Gluge) ; but after a time these break down and the 
gramiles are distributed through the tissue. As a, 
result of fatty degeneration the tissue may be entirely 
destroyed, or the fatty product may be absorbed, or 
it may undergo further changes and become caseous. 
Fatty degeneration, may attack any tissue or organ. 
In the arteries and capillarieB, as a primary con- 
dition, fatty degeneration is a senile change j but 
it is also secondary to inflammatory conditions of 
the vessels, in which the deposit of fat is preceded 
by a cellular infiltration of the subendothelial con- 
nective tissue. Fatty degeneration of the heart 
may be diffused or localised. The former may occur 
in the course of those diseases in which oxydation is 
i-educed to a minimum, on in antemia. Br, Green 
(TVurw, Civil. Sociely, vol. viii., 1875) instances a case 
of acute fatty degeneration of the heart, induced 
by profuse loss of blood during the menstnml period 
and inability to take food. In a minor degree fatty 
degeneration of heart occurs in most pyrexial con- 
ditions. Localised fatty degeneration of the heart 
is generally the result of disease or obstruction of 
the coronary arteries, or the efi'ect of pericardial in- 
llamraation. Ftttty degeneration of the brain may 
be either acute or chronic. In the former it is gone- 
rally due to sudden cutting off of the blood supply, 
as for instance by embolism of the middle cerebrHl 
artery. In chronic softening, the supply of blood is 
gradually diminished or slowly out off, as occurs 
when the vessels are diseased. In fatty degeneration 
of the brain a considerable amount of glycerin-phoB- 
phorio acid is formed among the products of dis- 
integration, occasioned by the breaking up of the 
phosphorised fats, lecitliin, etc. Acute fatty degenera- 
tion of the liver has been already alluded to. The epi- 
thelium of the kidney undergoes fatty changes after at- 
ttkcks of inflammation,a3 in acute and chronic nephritis. 
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and also in acute yellow atrophy, phoaphoiTj 
phuric acid poisoning, and in some cases of diabetes. 
Moi'e fat tbaii 01-dtnary is found in the epithelium of 
persons dying from clironic wasting disease.'). In order 
to investigate the nature and degree of the fatty 
changes in any given tissue we first determine the 
amount of fatty matter present, the neutral fata, the 
choleEterin and lecithin, and then make a separate 
estimation of the neutral fats to ascertain the pro- 
portioniite amounts of soliil and oily fat. For the first 
determination, a weighed portion of the tissue, finely 
divided, is to be dried till it ceases to lose weiglit. It 
is then to be reduced to powder, and boiled with ether 
for some hours. For this purpose Drechsel's fat ex- 
hauster is undoubtedly the best form of ajiparatuB, but 
when not obtainable tlie following method can be satis- 
factorily emidoyed. The finely -powdered tissue ia 
introduced into a glass fiask and half filled with 
absolute ether. The month of the fiask is then fitted 
with a perforated cork, through which a fine glass 
tube, about two feet long, open at both ends, is 
introduced, the lower end of which should only be 
allowed to jiroject just below the cork into the flask. 
The apparatus is suspended by means of a supports 
stand over a porcelain basin, so that about one-third 
of the flask ia submerged, and filled with hot water 
sbout twenty degrees below boiling point. Over the 
upper third of the flask, and about half way up the 
tube, wrap a cloth dipped in cold water, as cold as 
possible. This prevents the too rapid evaporation of 
the ether, a considerable portion of which tondensea 
and falls back iato the Husk. The temperatui-e of the 
water in the basin is to be niaiutuiued by the constant 
addition of fresh supplies, as it is advisable not to 
bring a Bame near the flask containing the ether. 
After the ether has boiled some considerable time, 
the cork with the tube is withdrawn, and the etheri^ 
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aolution, whilst still warm, is poured into a weighed 
platinum diali and evaporated. In order to remove oil 
traces of fatty matter from the flask, it should be rinsed 
with a little absolute ether, and the rinsings ndded to 
the aolution in the platinum dish. This is then'to be 
weighed, and the increase of the weight gives the 
tottd amount of fat. In order to estimate the 
neutral fats, cholesterin and lecithin, separately, pro- 
ceed as directed § 99, page 65. If it is desired to 
ascertain the proportion of solid fats to the oily, it ia 
necessary to dissolve the fatty residue thoroughly 
with boiling alcohol, and filter. Boil the filtrate with 
a solution of potassium hydrate, which saponifies tlie 
fatty matter. The mixture is then evaporated, and 
the dry residue dissolved in water, which is ocidaUted 
with a little hydrochloric acid. On cooling, the 
stearic, palmitic, and oleie acids will be deposited, 
Tliose we to be dissolved in boiling altiulml, and some 
alcoholic solution of lead aoetate added. Ttie preci- 
pitato, whicii consists of stearate, pidmitato, and 
oleate of lead, is retooved by iiltration. The preeipi- 
tato JH treated witli hot ether (»), which removes the 
oleate of lead, whilst the filtrate (6) contains the 
stearate and palmitate. Both the filtrate 6 and the 
etherial Holuti<in a are to be 1-e.spectively treated 
with hydrochloric ouid, and the mixture warmed ; the 
lead is then to he removed by sulphydric acid, and 
the precipitate removed by filtration. The clear fil- 
trates ai'o to be concentrated, and then shaken with 
ether, and the etlierial solution allowed to evaporate, 
when from a oleic acid will be deposited, and from h 
a mixture of stearic and palmitio acids (the solid fatty 
acids) will cryaialliae out. 

(2) LardaceoUi degeneration, or, as it was formerly 

termed, amyloid degeneration, from its Bup|)Osed rula- 

tion to stMvh and cellulose. The morbid material in 

depoaited in tlie &%t instance in V^e Km&U. arterim 
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and capillariea, chiefly of the liver, kidneys, spleen, 
and intestines, though all organs and tissues may 
bo invaded. T!ie cells of the intima are the first to 
bo infiltrated ;" thence it spreads to the musculai' wall 
of the Teasel, and ft'om thence it passes to the cells 
and iittercelltUav Eubatance, till the whole orgau or 
tisane ia involved. It is still a question among 
pftthologists wlietlier lardaceous disease is & true 
degsnei'ation (that is, a chemicot and structural change 
in living tissues), or whether it is an infiltration among 
die tissues of a morbid material derived from the 
blood. Ou thia question, tlie hiatoiogists generally 
support the view that it is an infiltration, the patho- 
logical chemist that it ia a true degeneration of tissue. 
When first discovered, it was thought to be analogous 
to starchy matter, and was named amyloid ; but it was 
soon recognised that it was a definite nitrogenous 
body, and related to the proteid group, and the term 
lardacein was applied to it, to express the wasy or 
bacony appearance given to tisanes aflected by it. 
With regard to the nalmre of thia substance various 
views have been expressed. Dr. Dickinson regards it 
as de-a)kalised fibrin ; since be has found the tissues in- 
volved by it remarkably deficient in potash, and has 
prepared it artificially, by digesting fibrin in dilute 
hydrochloric acid, a substance 'which gives one of the 
reactions supposed to be characteristic of lardacein. 
In objection to Dr. Dickinson's views, it may be ut^ed 
that, by digesting fibrin in dilute hydrochloric acid, 
syntonin, and not lardacein, ia formed ; whilst the 
reaction with iodine, as I showed at the Pathological 
Society {Trwta,, vol. xxx., p. 636), is not distinctive 
of lardacein, but may be given equally with dry fibrin, 
with syntonin, and with casein. This is important, 
since the red colour, being developed equally witii 
alkali albumin (casein) as with acid albumin (syn- 
4oiuu), shows that the reaction is not caused by t^ 
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removal of an alkali. Witli regard to the deficiency 
of potash existing in the afTocted tissues, that may be 
accounted for by the great increase of fat found in 
them ; and we know that tissues that have undergone 
fatty degeneration become poorer in saline constituents. 
The view I am inclined to adopt is, that lardacein ia 
a mixture of a proteid with a fatty body, of which we 
have a physiological example in vitellin, and which 
Hoppe Seyler considers to be a mixture of globulin 
and lecithin. Lardacein may be separated from the 
tissues by Kiihne's process. The organ is tinely 
minced, and extracted repeatedly with cold water, and 
Bubaequently with dilute alcohol, till the fi-aguients be- 
came colourless. They are then digested with artificial 
fiiafitric juice. This has no action on lai-dacein, Liut 
dissolves all the other proteids, leaving the lardHceia 
almost pure, with the exception of small quantities of 
elastic tissue and mucin, lardacein thus obtained 
is soluble in dilute itmmonia, from which it can be 
precipitated by dilute acids. It is insoluble in wat«r, 
and does not perceptibly swell in aolutiomi of sodium 
chloride. Strong hydrochloric acid converts it into 
acid albumin, and caustic alkalies into alkali albumin. 
Touched with an aqueous solution of iodine, It 
acquires a brown- mahogany colour, whilst methyl 
aniline gives a rosy-red. Fornierly, the blue colour 
produced by the .joint action of iodine and sulphuric 
acid when poured on it was relie<l on as a t*Ht ; but 
this blue coloration was shown by Dr. John Williams 
(/'(/(A.. Soe. Tram., vol. xxvii., p. 322) could be 
caused by the admixture of iodine and sulphuric acid 
alone, without the intervention of any other sub- 
stance. 

Hyaline degeneration. — At the debate on larda- 
ceoiis dbeaee at the Pathological Society, 1ST9, Dr. 
Stephen Macken7,ie, with reference to the influence of 
fever ia jtrodaomg the dlsea&e, wUed attention to » 
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change in the blood-vesuftlx tliat ocimrred In osrl 
diseaaea with hloryl alterations. He luul fimiid ii 
the arteries of theHpl',-<:n in ni^rlyall (■uweuf |iyieitiin, 
in some cases of riiaWles, in a (.Twe of an((ina Lildo- 
vici. I>r. Klein had first dew^ribiid tlie cliange in 
tTphoid and scarlet fevers. Id inont cawti the uhiinge 
was confined to the intima, but in aome it involved 
tlie muscuUris. It oonsUteil in a hyaline tnLniironiiB- 
tion, which did not give a characteristic reaction with 
iodine, but stained ^ghtly with niHhyl aniliue. Dr. 
Mackenzie did n^jt regard the change an lardaceous, 
but thought an examination into the nature of the 
change might throw Kome light upon that diDi'aHe. In 
ocpmmenting on Dr. Maclcenzie'n remarkti, 1 nuggeated 
that the difienmce between hyaline and waxy dege- 
neration might be only one ol degree, the hyaline 
being the first step in the d«^enerH.tive procem. A 
microscopic examination of the hyaline Bulwlance 
Bhowg that, at flnt, it Miniirts of granuleH of an albu- 
minous nature, which are insolnble in ether ; but, in a 
more advanced stage, the granules are distinctly fatty 
and soluble in ether. From this, it would appear 
that the change is connected with fatty degeneration. 
It may be, therefore, that hyaline changea are the 
first step in a procesn which, if acute, leiuls to fatty 
degeneration, if chronic, to waxy or larda(«ous 
disease. 

The amyloid bodies, corpora amylacea of Kolliker 
and Furkinje, are rounded oval bodies, varying in 
size from extremely minute granules, whioh refract 
light strongly, to bodies about one or two lines in 
diameter, formed by the conglomeration of smaller 
grannies, apparently in a succession of concentric 
layem Tli^y are most frequently found in the bodies 
of aged persons, chiefly affecting the prostat«, the 
ependyma of the ventricles, the fornix, the choroid 
plexu^ the retina, and spinal cord. They are apt to 
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become calcified, and iu this fonn, when met with in 
the nerve-centres, constitute the so-calied " brain 
sand." The corpora amyJacea usually stain a deep blue 
with aqueous solution of iodine. Sometimes a dittp 
of Bulplmric acid is required to develop the reaction ; 
occasionally, however, the iodine gives a greenish or 
brownish tint, owing to the admixture of nitrogenous 
matters. These bodies undoubtedly belong to the 
amylaceous, or starchy, group, and seem to resemble 
cellulose in their general characters. They are not to 
be confounded with lardacein, which was unfortunately 
termed amyloid substance when first investigated, 
from a misconception of its real nature. 

(3) Mucoid and colloid degeneration. — Tliese Vwo 
forms are often associated together, and at all times it 
is dil£ciilt to draw a rigid distinction between them. 
In mucoid degeneration the intercellular subatanoe is 
cliieily aiTeotedj in colloid degeneration the cells. In 
the foi-mer there ia an increase of mucin in tlie con- 
nective tissue elements, in the latter tlie gelatinous 
constituents have apparently undergone changes, and 
seem to be converted into collagen, and perhaps into 
aemi-ghitin and hemi-coUin. Mucin is found normally 
in the adult in small amount in all connective tissues 
proper; in the embryonic connective tissue it exists in 
much larger quantities, the umbilical cord of foetus 
yielding it to a great extent. It is also derived from 
the secretion exuded by epithelial cells (mucus), and 
can be obtained in sufficient quantity for examination 
from the saliva (§ 131, page 175) and bite (§ 139, 
page 198). In normal urine it is present in small 
quantities, which is nnich increased in catarrhal 
conditions of the renal and urinary organa Mucin is 
soluble in alkaline solutions, from which it is pre- 
cipitated by acetic acid. Mucin is not digested by 
gastric jnioe, but is by the pancreatic ferment It is 
sot precipitated by potassium fen'ooyanide with 
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acetic acid, nor by tannic acid. Solutions of mucin 
with alkaline copper eolutioiiR prevents the precipita- 
tions of cupric hydrate, and no reduction takes place 
on boiling. Collagen is the name given to a substance 
obtained from the white fibres of connective tissue, 
and of which they are principally composed. It can 
bo obtained tolerably pure by digesting finely eliced 
tendon in water for Bome days. Then filter off precipi- 
tate, and digest precipitate for some days in dilute 
baryta water ; filter, and wash the insoluble residue 
thoi'onghly in water, then with dilute acetic acid, and 
again with water. Hofmeister has Hhown that when 
gelatin is heated for some time at 130" 0. it Iobcb 
water and becomes converted into a Bubatance 
resembling gelatin ; and al^o when collagen is boiled 
for more than twenty-four hours a farther cliange 
occurs, tlie collagen taking up water and becoming 
converted into two peptone-like bodies, to which the 
names semi-glutin and hemi-glutin have been given. 
Hofmeister represents the changes by the foUowing 
equations : 

GeUtin. CollnKen, 

CoPngan. Bcmi.iiliiUn. HemJ 

Professor Gamgee • states, that whilst mucin is un- 
questionably a product of tlie differentiation of the 
protoplasm of certain animal cells, and is obviously 
derived from the protoida, it is conceivable that it 
may result also from a decomposition in which 
collagen and mucin originate. What the nature of 
the decomposition may be is, however, quite unknown. 

* "PhysioloigoiiJ Chemistry of the Animal Body," p. 369. 
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A further etudy of the suhject is much to be desired, 
OS likely to throw considerabld light on the pathology 
of this degenerative procesB, especiftlly with regard to 
the chemistry of the contents of the ovarian cysto. 
!EVofeBsor Gamgee's account of these bodies is the best 
summary extant of the work that has been done in this 
direction. Still, there must be further investigation 
in the physiological laboratory before the results can 
be made available for clinical purpcees. Anybody 
taking up the subject from its present standpoint 
would find a field for original research likely to 
yield important results. At present, clinicully, we 
distinguish between mucoid and colloid degeneration 
by the fact that in the former case the fluids are 
precipitated by acetic acid ; in the latter, not. Mucoid 
degeneration is by no means common, and seems to 
imply a retrograde metamorphosis of the connective 
tissue elements to their embryonic state. It occurs 
occasionally in the intervertebral and costal cartilages 
of old people ; it sometimes attacks the bones and 
serous membranes. When localised, the softened 
part surrounded by the firmer normal tissue gives 
rise to a cyst-like formation. In an important com- 
munication to the Royal Medical and Cliirurgical 
Society {Tratis., vol. Ui., p. 57) Dr. W. M. Ord, 
describing the " cretinoid affection " occasionally 
observed in middle-aged women, proposed that the 
term myaxedima, should be applied to express th« 
essential condition observable in that affection. That 
condition relates to the jelly-like swelling of the 
connective tissue, chiefly, if not entirely, conaieting of 
an overgrowth of the mucus-yielding cement by which 
the flbrUs of the white element are held together. In 
one of Dr. Ord's cases the amount of mucin obtained 
was more than a fiftieth of the quantity obtained from 
the skin of non-<adematoits bodies. The method 
mployed bjr Dr. Cranetwun. CktLrVea, -wVio mada t 
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chemical analysis for Dr. Ord, is given here, 
may be suitably employed for similar investiga- 
tions. The skin of both feet was cut into pieces, 
and divided into three nearly equal portions, a, fl, 
and 7. («) was digested with water for Beveral 
days ; the filtrate from this was treated with an 
excess of acetic acid, let stand some houift, the pre- 
oipitale separated on a filter and washed first with 
'water acidified with acetic acid, and then with pure 
■water. This washed precipitate was next left for 
twenty-four hours in lime-water, the sohition filtered, 
and the precipitate agiiin thrown down by excess of 
aoetio acid. To purify the precipitate thus obtained 
it was washed successively with acidified water, pure 
water, alcohol, and ether, and then dried over a water- 
bath. The process \s that employed by Eiehwald for 
the separation of mucin from Helve pomatia and from 
tendons (Ann. C/t-.w. Flittrm., Ed. 134, s. 177). 
(g) was left in methylated spirits for three days, in 
lime-water for two days, then filtered, and to the 
filtrate acetic acid added in excess. The precipitate 
was separated and purified as in a, (>) was digested at 
once with dilute baryta water) the dissolved mucin 
precipitated by acetic acid, and puritied aa before. 
The body obtained by the above three methods was 
sensibly the same in each case in properties and ia 
appearance, and nearly equal in amount ; it corre- 
sponded in its reactions to the mucin of Scherer, 
Eiehwald, and Staedeler. Mucoid degeneration also 
afieots new formations ; thus, enchondromatous, lipo- 
matous, and sarcomatous tumours may undergo 
mucoid transformation, and may become wholly or 
partially converted into myxomata. In colloid de- 
generation the process commences apparently in cells, 
and not, as in mucoid degeneration, between the white 
fibres of the connective tissue element. The cells 
become filled with small inasBes cS yW'^-VSJta -^osiuscoSi., 
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wliich puslies aside the nucleus, and at length destroys 
the cell ; after ft time the intercellular auhstance 
atrophies and softens. In many cases a true mucoid 
degensration of the intercellular substance seems to 
follow the colloid infiltration of the cells. This gives 
additional weight to Professor Gamgee's supposition 
that mucin and collagen originate front a decom- 
position common to both. 

(i) Calcareous degeneration, or the infiltration of 
the tisBUSB with calcareous particles. May be either 
general, as the I'esult of an accumulation of cal- 
careous salts in the blood — -for instance, as in osteo- 
malacia, where the earthy salts are removed from 
the bone, and are often in part deposited in other 
tissues, the lungs, stomach, or intestines. Or the ia- 
filtration may be local, due to changes in the tissue 
itself following some impairment of their nutrition ; 
or as a cinaequence of a retardation or diminution of 
the amount ol' blood flowing through them, as I have 
endeavoured to show, may be one of the cnuses lead- 
ing to calculous deposit in the tubules of the kidney 
{page 240). The cause of calcareous deposit in 
tissues has been explained to arise from the stag- 
nation of the nutritive fluids, owing to which tiie 
free carbonic acid which holds the earthy salts in 
solution are precipitated, and, the circulation through 
the part being retarded, these insoluble elementB are 
only partially removed, and so become deposited. Tha 
ossification of arteries proceeds from this cause. Cal- 
careous deposits consist chiefly of calcium carbonate, 
calcium phosphate, magnesium phosphate, traces of 
soluble salts, and generally fatty matters and choles- 
tcrin. For their chemical examination, ejchaust 
thoroughlv with ether, to remove fatty matters, and 
proceed to estimate the earthy matters aircordmg fo 
the directions given for the analysis of urinary calculi, 
aiaM II (§ IBS, page U&). 
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161. fllorbld exudations. — (1) Pus is a patho- 
logical fluid, aad consists essentialij of & liquid 
portion, " liquor puris," which is exuded liquor san- 
guinis, and white corpuscles, or leucocyte, ■which... 
cannot be distinguished from the white corpuscles of 
the blood. The pus corpuscles con be separated froifl 
the liquor puris by the addition of a 10 per cent. 
solution of sodium chloride, and the precipitated 
mass removed by filtration, and thoroughly ■washed 
with the same solution till quite free froni Hemm. 
The pus corpuscles are spherical, irregular bodies, 
about ■j-b'to''^ t° TTfre*^ "^ "■^ iach, or 8^ to 10^ in 
diameter, containini; a number of granules and one 
or more nuclei When treated with dilute acetic acid, 
they swell up, and become more transparent, and tiio 
nuclei more distinct. Treated -with ammonia or 
potash solutions, pus becomes tenacious and jelly-lik& 
This character distinguishes it from mucus, whioh 
becomes less tenacious and more fluid on the addition 
of these solutiona. According to Miescher, the nuclei 
of the pua corpuscles contain a definite organic body, 
containing phosphorus, which he calls nuclein. This 
Rubstance, he holds, can be obtained from all ceils 
where nuclei exist. It is, however, doubtful whether 
it ia a definite compound, since the results obtained by 
analysis by different observers vary considerably. It 
is more probable that it is an ordinary proteid sub- 
stance, combined with lecithin or other phosphorised 
bodies, in varying projwrtions. Eiohwald has also found 
peptone-like bodies in purulent fluids. The amount of 
water and soUds present in pus varies, of course, with 
the nature of the pus. Thus, in ichorous, niuco, or sero- 
pus, the solids are diminished. The following is an 
analysis of laudable pus, the result of acute inflamma- 
tion : WaterST, 8olidsl3,in 100; proteids 8-5, fatty 
matters 3-0, exti-actives 0-7, inorganic residue 0'8. 
^e pFoteida are Bero-Blbumin and gata^obaliiii. Tqs> 
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fatty tiiattera consist of neuti-al fats, cholesterin, and 
a body yielding glycerin phosphoric acid, probably 
lecitLhtn, but some consider it to be protagon. The 
extractives contain traces of urea ajid glucose, some- 
times leuciu and tyrosin. A blue colour is often 
noticed on tlie dry bandages and linen 'which have 
been in contact with pus ; this is due to pyo-eyanwn. 
This substance can be obtained in a crystalline form 
by soaking the stained linen in water, containing a 
few drops of ammonia, for some hours, and then 
filtering off and evaporating the green liquid. The 
concentrated filtrate is then agitated with chloroform, 
and the chloroform solution removed and treated with 
very dilute sulphuric acid, and the mixture allowed to 
stand for fiome time. At length a red aqueous layer 
separates, which is removed and treated with caustic 
baryta till the solution becomes blue ; filter, and 
agitate the filtrate with chloroform ; remove the 
ohlorofoi'm solution, and allow it to evaporate spon- 
taneously, when pyo-cjanin will Gryatallise out in 
bluish-coloured needles or rectangular flakes. The 
crystals are soluble in water and chloroform, insoluble 
in etlier. Acids turn their solutions rod, but alkalies 
restore the blue colour ; chlorine decolorises both 
solutions. The researches of Lucke and Fitz seem to 
prove that pyo-cyanin is generated by a bacillus, 
which, according to the latter observer, has the power 
of decomposing glycerin, in the presence of calciura 
carbonate, with tlie formation of carbonic acid, butyrio 
acid, and hydrogen. It is probably the same bacillus 
that sometimes gives milk its blue colour. 

From the chloroformic solution, after the removal 
of the pyo-cyanin, minute yellow crystals of pyo- 
xanthin can be obtained by evaporation. They are 
coloured red by acids, and violet by alkalies. 
Gelatin and chondrin are said to have been found 
ia paa, but tiieir existence && &u<^ i« doubtfqi. 
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Perhaps the peptoue-like bodies described by Eichwald 
maybe related to semi-glutin and hemi-glutiii{page 269). 
The inorganic residue consists chiefiy of soluble salts 
of the alkaline chlorides, mostly as sodium chloride. 
The earthy suits in pus derived from the soft tiaaues 
are not abundant; but in pus deiived from the 
neighbourhood of diseased bone, it may contain as 
much as S'5 per aent. In making an analysis of piia, ■ 
the paraglobulin is first precipitated by mugnesiui 
sulphate, and then the serum albumin coagulated I 
heat (§ 98, page 81), The liquid is then to he i 
tated with ether, to obtain the fatty matters (§ 
I page 85) ; and then the extractives are to be separated 
by the methods described for Urea (§ 100, page 86), 
Glucose {§ 100, page 88), Leucin (§ 169, page 136). 
A fresh portion of pus is then incinerated, and thai 
hases and acids estimiit«d according to directions a' 
§ 101, page 93. The specific gravity is taken wi" 
the specific gravity bottle (§ 92, page 66), and t 
reaction determined as directed § 93, page 67. 

(2) Sropgical Jluidg. — Whenever the balance I 
tween the two pi-ocesses, transfusion of the nutritivj 
plasma from the blood-vessels and its re-absoi-ption b] 
the lymphatics, is diaturbed, the quantity of pareaJ 
ohymatous fluid, which is always present in smal^l 
quantity in the tissues, becomes increased. This diSf.* 
tnrbance of pressure of the fluid in the blood-vesselfi'M 
tuid that in the parenchyma may result from general <aM 
local oonditions. In general di'opay, such as we fin^l 
in certain diseases of the kidney, the condition A»-i 
penda on hjdwemia, especially in those forms where 
the amount of water passing off through the kidneys 
is lesaened. Thus, general dropsy is an importajit 
clinical symptom, distinguishing acute tubal nephritis, 
and the lai^e white kidney from the granular and 
the albuminoid kidney, in both of which latter, large 
quantities of dilute urine are passed In goners.!, tha 
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dropsy of kidney diReose depends on the diminished 
uction of the kidnejs, so that the water ingested 
being the sttme, its exit is lessened ; hence the 
Tolume of blood being increased, the iirterial prea- 
siire is augmented, and the scrum passes into the 
tissues in consequence of the increased pressure, 
wiiiiat its diluted condition perhaps renders it more 
easy. In this way the whole of the tissues of the 
body become more or less waterlogged. When the 
dropsical efiusion is localised, as in ascites, the exuda- 
tion of serum depends on mechanical congestion due 
to venous obstruction, and the increased pressure 
takes place in the veins, and thus lessens absorption 
by the lymphatics and veins. In the dropsy of heart 
disease both forms are present. In diseases of the 
mitral and tricuspid valves, 'whicli lead to dilatation of 
the right side of the heart, obstruction of the venous 
circulation occui's, and increased pressure in the veins, 
wliich is at first moat noticeable in those farthest 
from the centre of circulation, and which from their 
position (the lower extremities) allow the blood more 
readily to stagnate in them. But diseases affecting 
the right side of the heart also induce dropsy by 
incresaing the amount of water in the blood, since 
their tendency is to diminish the flow of blood 
through the kidney, and thus to diminish the 
qutmtjty of urine secreted. In disease of the aortic 
valves, BO long as compensatory hyperti-ophy is 
maintained dropsy does not occur ; but so soon as 
the left ventricle fails, the rapidity of the circulation 
through the kidneys falls, and the quantity of urine 
excreted diminishes, so that the quantity of water 
inci'eases in the blood, and the condition of hydnemift 
is induced. It will be thus seen that dropaicul fluids 
are blood serum more or less diluted with wat«r. 
Thia is an important point to remember ; for if on 
tapping a patient we &id t\ie amoiutt of aolids in ti 
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fluids withdrawn in excess of tliose normally present, 
we may be sure that the fluid is not an ordinary 
dropsical eifusion, and contains other matters besides 
blood serum. The specific gravity of a dropsical fluid 
ranges from 1 '005 to 1 'OSS, according to the amount 
of water present. The amount of proteids contained 
in it are variable, ranging from 0'4 to 6 per cent 
They consist of onJinary sero-alhuniin, paraglobulin, 
snd flbrinogen. Unless withdrawn from inflamed 
tissues, or blood is present, they rarely spontaneously 
coagulate, but do so on the addiUon of flbrin ferment, or 
are allowed to stand some time. They contain only a 
small proportion of fatty matters, about "05 per cent,, 
and in old-standing cases the ether extract yields chole- 
sterin. The extractives are urea, a variable amount of 
glucose, and sometimes a little leucin. The spectrum of 
sero-lutein may be sometimes obtained by allowing the 
Benim to stand and deposit, and then filtering it till 
quite clear. The clear fluid will give a bond at f; and a 
very faint one between F and o (MacMunn). The salts 
are those of the blood. The exudation occurring in 
special serous cavities differs little from that poured into 
the subcutaneous areolar tissues. They are, perhaps, 
generally richer in proteid matters, and the fluid of 
the pericardium and hydrocele fluid yields a larger pro- 
portion of fibrinogen. The latter fluid also frequently 
contains succinic acid, and more cholesterin than is 
met with in other efiiisions. The cerebro-spinal fluid 
is accimiulated in large qitantities in cases of B]iina 
bifida, and chronic hydrocephalus. It is a clear fluid 
of low Bjjecific gravity, does not coagulate when heated, 
but becomes opalescent, and deposits a flocculent 
precipitate on the addition of acetic acid. It does 
not contain fibrinogen, so that it yields no coagulum 
when fibrin ferment is added to it. Sugar is said to 
be generally present, but some say that it is only to 
id when there is irritatloii at \iiSia,'oaii^JissB.'& 



1 



zyS Clinical Chemistry. [Chflp.vi. 

the brain or spinal cord. It is to be regretted that 
more conipleto analyses o£ this fluid have not been 
made. It is a question that occasionallj arisea in 
surgical practice {Mtd. Clin. Tram., voL ix., p. 247) 
whether in punctured wounds of the back the aqueous 
fluid that may be discharged from the wound comea 
from the cerebro-spinal canal or from injury of the 
kidney.* In the ca^e Mr. Holmes brought before tho 
Society it was doubtful whether the fluid came from a 
wounded ureter or from the cerebro-spiiial canal. An 
analysis of the fluid which I made for Mr. Holmeii 
gave a very doubtful residt, It was alkaline, and 
contained 9?-5 parts of water to '15 of solids. Tho 
solids consisted of an ordinary albumin coagulable by 
heat, and an albumin not so coagulable, but preoipib- 
able by acetic acid ; there was a slight greasy residue 
left from the evaporation of the etheriai extract, but 
no choleaterin. There were traces of iirea, '07 in 100 
parts, but no uric acid or glucose. The salts consisted 
chiefly of sodium chloride '05 and phosphates "03 in 
100 parts. The aniount of fluid that escaped from 
the wound was considerable, three large draw-sheet* 
being soaked in the course of the day. The general 
character of the fluid was not unlike that from a 
Spina bifida, except the coagulable albumin, which, 
however, might have come fi'om the wound. The 
trace of urea was not moi'e than one would expect 
to meet with as an extractive in a fluid of this Cliar- 
acter, whilst it was greatly below the amount found 
in even extremely dilute urine. On the other hand, ib 
is difflcult to imagine such an enormous quantity could 
have escaped from tlie cerebro-spinal canal tor such a 
continued period ; and again, it was noticed that whea 

• "Section of the renal nervei in followed by a aioHt copious 
KBcretion hv wbat ha» been oalled hjdriiria ftmi pulyuria, th« 
nrfne at the aame time frecraentlj bBcoioing albuminoiw,"— 
Rvf. AT. Foster, "Taitbook ol PhjiAiiloEJ " U-'fl^ 



Chap, vi.i OvARtAN Cysts. 27^ 

the wound was partially closed the mine passed by 
the urethra increased in quantity. 

The liquor amvtiii and aUmOoie fiuidg are UBUally 
clear and without colour. The proportion of water to 
the solids is very small They contain traces of 
ordinary albumin, about O'l to 0-15 per cent, but 
contain no fibrino-plastic or fibrinogen. During tha 
early period of gestation they contain a considerablv" 
amount of sugar, which, however, gradually disapj " 
as pregnancy advances, till at the time of birth e __ 
trace has disappeared. (See page 206.) There is a 
variable quantity of urea always present Tha 
allantoic Suid contains a characteristio ingredient 
aUantoin (§ 67, page 60). The inoi^nic constituents 
of both fluids consist chiefly of sodium chloride and 
calcium and magnesium phosphate. 

S]/novia, or the secretion of the synovial membrana 
of joints, is denser than the duid obtained frpm serons 
Ba«s, and more viscid from containing mucin. (For 
the systematic examination of dropsical fluids ae« 
Ovarian cysts, pago 283.) 

(3) Contentg of ovarian cysts. — Considerable differ- 
enoes of opiuion, especially as regards the chemical 
composition, exists as regards the nature of their 
contents. This is owing, no doubt, to tihe want of 
attention being paid to the nature of the degene- 
rative processes that produce them. Thus, for 
instance, we have in some cases apparently only a 
simple fluid, poor in albumin, of low specific gravity, 
and which does not yield fibrin on the addition of 
fibrin ferment. In others the contents are viscid and 
jelly-like, rich in protoid elements, and which yield 
an abundant coagulum' with fibrin ferment ; in some 
of these, again, mucin will be found, in others it is 
absent, and we have instead a body resembling 
collagen or gelatin. It was formerly thought that 
paralbumin ai ' 
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constituents of ovarian cyata, but tliey hiiva been 
found in the contents of renal cysts. MacMunn 
believes that the Rpectroacopi will enable us to 
distinguish the contents of parovarian and ovarian 
cjata from other fluids reserahlEng them, and has 
descrihed the spectrfim in three caaes of parova- 
rian and one case of ovarian fluid that gave the 
same spectrum, that of acid hcematin ; vij^, a band 
between c and d, nearer c, another between D and 
B ; on adding ammonium sulphide to this fluid the 
bands of reduced hmniatin appeared at once. A lifth 
specimen, however, gave no spectrum whatever. At 
present, then, we Iiave no one characteiistic that con 
enable us chemically to distinguish between the fluid 
of an ovarian cyst and the contents of a cyst of 
another organ. If the solid constituents be above that 
of ordinary blood serum, we can say positively the 
fluid is not ascitic, but otherwise we have to depend 
on on examination of the whole constituents of the 
fluid before we can venture to form an opinion. The 
organic matters vary considerably from "23 to li-O 
per cent. ; the inorganic constituents, however, are 
tolerably constant, ranging from -7 to '9 per cent. 
The proteid substances consist of ordinary albumin, 
paraglobulin, sometimes of tibrinogen. Two proteid 
bodies paralbumin and metalbumin, are so generally 
[wesent they are supposed to be characteristio oon- 
stituentB. Their composition seems to be doubtful 
Paralbumin was first obtained by Scherer; its alka- 
line solutions are ropy and viscid ; it is precipitated 
from its warm solutions by carbonio acid gas, but 
not by magnesium sulphate ; it is ooi^ulated by 
nitric acid, but the precipitate re-dissolves in strong 
acetic acid. It seems to be associated with a body 
resembling glycogen, and capable of being converted 
mto & substance giving the reactions of de^ctraae 
vitb copper, Paralbumm ma.y \« a ^ 



> ^xuuitinD^^^H 



fc«.] Hydatid Cysts. 



since Eichwald has found that when 
beated with dilute mineral acids, mucin yields acid 
albumin, and another body which closely reaemblea 
dextrose by reducing eolutions of cupric sulpbate. 
Metalbumin closely resembles paralbumin, and perhajia 
ia more closely related in its reactions to mucin than 
that body. Both bodies may therefore be inter- 
mediate products of the tranaformation of proteid 
substances into mucoid or colloid matter. Mucin ia 
found in some cysts, but not in all ; it is the most 
variable of aU the organic constituents. Ovarian 
fluids yield about O'G per cent of fatty matter, and 
sometimes crystals of cholesterin separate out and 
float on the surface. Hie salts do not differ materially 
from those of blood-aah. The fluid from hydatid ci/ats, 
if the sao be not inflamed, is limpid when running 
from the cunnula, hut becomes opalescent on standing. 
The i-eaction is alkaline, and the specific gravity 
ranges from 1-009 to I-OIS. iccording to Murchiaon, 
the fluid of the hydatid cysts contains no albumin, but 
JJIaunyn has found traces. If to the contents of an 
hydatid cyst ma^esium sulphate be added, and then 
a stream of CO, be passed through, and the fluid heated 
to 76° 0., a fine precipitate of i>araglobulin and aero- 
albumin will generally be obtained if there has been 
inflammation of wall of the cyst. The fluid, how- 
ever, contains no urea. The great characteristic, 
however, of the fluid of an hydatid cyst is tho con- 
siderable amount of sodium chloride it contains, a 
quantity not found in any other fluid in the body 
whether healthy or morbid. These characters, even 
if the " hooklets" are absent, are generally suflicient 
to determine the nature of the fluid. It may, how- 
ever, he mistaken for the fluid from Ai/rfro-nepAroiia™ 
cysts. This ia of low specific gravity, r004, conta' 
no albumin (paralbumin and cholesterin have bt 
fonnd by Dr. Schetelig, of Hamburg, ia a renal oyrt 
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Urea, and uric acid arc oflea absent ; the reaction is 
generally faintly acid, more frequently neutral, and 
although containing an abundance of Bodium chloride, 
it 13 not so rich in this salt aa the Suid of an hydatid 
cyst. The method of procedure for an analysis of 
dropsical or ovarian fluids is as follows : Evaporate 
a weighed portion of the fluid {§ 92, page 66) to 
ascertain proportion of water and solids, and the 
residue incinerated to determine the saline con- 
stituenta (§ 101, page 93); tlie reaction is EiBcer- 
tained {§ 93, page (57) ; the proteida are determined 
by precipitating from a weighed quantity of fluid the 
paraglobulin, and fibrinogen if present, by precipita- 
tion with magneaium sulphate (page 34) ; remove 
precipitate, and acidulate filtrate with a few dropa 
of dilute acetio acid, and coagulate the ordinary al- 
bumin by heat (§98, page 84), After the removal of the 
proteids, evaporate the filtrate to dryness, and extract 
with ether to remove fatty matter, which can be 
estimated according to directions given, § 99, page 
8o. The residue, after the removal of the ether, 
is tlien treated HuooeHsively with boiling water and 
boiling alcohol, and the aqueous and alcoholic extracts 
mixed together and evaporated to dryness, and then 
dissolved in hot water, and the amounts of urea and 
glucose determined by processes given at § 100, pages 
87 and 88. In a fresh sample of the fluid examine 
for special products, as paralbumin, metalbnmin, buo- 
cinio acid ; take the speciHc gravity according to di- 
rections § 92, page 65 ; examine fluid with spectroscope 
for bands sero-liitein (page 277), or hasraatin (page 77). 
163. Cbemical changes ia bone chiefly ro- 
tate to the variations occurring between the insolubln 
salts in relation to the organic basis. Thus, for 
instance, in the atrophy of bones met with in ciiaes 
ol Jon^-standing anchylosis, dislocations, etc, when 
the ocanpAct and cancellous tiaaxie gtadMallj becomei 
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nbsorbed, although the whole bone is emaUer and 
lighter, yet the proportion of inorganic constituents 
to the organic is relatively more than in htalthy 
bone. The same occura as the result of chronic 
inflammation of bone, where new formation, of osseous 
tissue takes place in the enlarged Haversian central 
cancellous spaces, and the whole bone is convei'ted 
into a dense, heary mass. In rickets and osteo- 
malacia, the opposite condition maintains, and the 
bonea affected have their calcareons elements dimi- 
nished. The following tables, giving analyses of the 
tibia, will best show the oomiwEition of bone ' "* 
different conditions ; — 
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Bone contains less water in proportion to its 
BoUdfi than any other tiHsue, except enamel and den. 
■ tine, pulverised bone evaporated to dryness loaiug 
only 10 per cent, of its weight. From the fact that 
when perfectly dried hone is placed in water there is 
a slight elevation of temperature, it is supposed that 
the water exists in bone partly in a state of chemical 
combination, like the wat«r of crystallisation. The 
organic matter may be obtained by digesting a frag- 
ment of bone for some time in dilute hydixKhloric 
acid (1 — 5), when the inorganic matters will be dis- 
solved, leaving the gelatinous matrix intact. This 
consists of a body identical with collagen (which, by 
long boiling, yields gelatin, and gelatin again, by 
being hested above boiling-point (130° C.), is re- 
converted into collagen) mixed with a small quantity 
of ela^ticin, and traoes of proteid, and some fat. 
Most of the fat of bones, however, is found in a free 
state in tho yellow marrow of the medullary cavity of 
the long bones, and, to a lesser extent, in the red 
marrow of the cancelliiteii tissue. The yellow marrow 
differs little from ordinary fatty matter, and consists 
chiefly of an admixture of neutral fats. The red 
marrow yields much less fatty matter than the yellow ; 
it contains a proteid body ; a free acid (lactic aoid 1), 
a product of decomposition ; hypoxanthin ; and cer- 
tain granules which stain a deep blue with potas- 
sium ferrocyanide, and therefore probably contain 
iron. In addition, there are large multi-nuoleatod 
cells {Mydoplaxeg of Rabin), which play on impor- 
tant part in the absorption and formation of bone. 
These and the granular bodies, according to Heitz- 
mann, Malassez, and others, have also to do with 
the formation of the red blood . corpuscles. In 
pernicious ancemia and leucBsmta, where nucleated 
co]ouTeA corpuscles similar to those found in tho blood 
of the bumaa embryo exiat, the marrow of the banct 
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3i iIm gcnenllr aSeeteA; bence the 
Ittffiuk. lencaanu." The morganic ronstitxents can be 
oAilBBed hj imaneistiiig some of the crushed bone in 
B ■mtte fnrnaoe, which bams oS the orgimie matter. 
In iiddition to phosfAoric acid, caibcHiic acid, and 
cUmine in combination with lim^ there exists a 
minBte qnanti^ <£ flnorine, aboot 0-22 parts in 100 
of bone-ash. Some of the other metals are <kx»- 
Eionall; met with, as strantiom, alaminiun. ^liixin, 
copper, and arsenic. By long keeping, bones yield 
letatiTely less organic matter than fresh, but their 
inorganic constitnents are little altered. Dr. Norman 
Moore haa {fatk. Soc. Trans., 1683) shown some 
interesting specimens of fossil bone, which were 
evidently from a subject tli&t had suffered from 
chronic rheumatiG arthritis. 

To make aji analysis of diseased bone, it is 
advisable to take a section representing both the com- 
pact and cancellated part, and a similar section in 
which the compact part is carefidly divided from the 
cancellous, and submit them all to a separate anatjisis, 
In this we learn the chemical changes that hnve 
taken place in the bone as a whole, and the changes 
that have affected the compact and cancellous portions 
respectively. If possible, it is as well, from the some 
subject, to CKamine a portion of a bone as nearly 
resembling in form and structure the one diaeitsed, 
but which is apparently free from tbe disease. The 
fragments of bone are to be reduced to a line jjowder, 
and the weight ascertained. (Ten grammes is a con- 
venient quantity to take.) The jiowder is then 
placed in a weighed platinum crucible, and dried on a 
calcium chloride bath at a temperature of 130° C, till it 
ceases to lose weight The loss of weight represents 
the amount of water. The finely-dried powder is 
extracted with ether, by means of tbe apparatiia 
cteeotifaed page 263 ; this gives the amount of futty 
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matter; and the etheria! residue is examined, as di- 
rected 5 99, page 85, to detennine the nature of the fats. 
The powder, after exhaustion by ether, is again weighed 
in the weighed platinum crucible, then incinerated in 
a muffle furnace till the ash is quite white, allowed to 
cool over sulphuric acid, and, when cold, weighed. 
The loss of weight represents the organic matter ; the 
actual weight, the inoi^anic residua The ash is then 
boiled at 100° C, in distilled water for some time, by 
which means the soluble salts are dissolved. Filter, 
evaporate filtrate, and weigh ; the weight of residue 
represents weight of the Boluble salts. If required, 

. estimate the sodium by process described § 88, page 61, 
and the hydrochloric acid, g 114, page 136, and the 
carbonic acid, page 287. The insoluble residue 
not dissolved by boiling water is then dried and 
weighed, the weight representing the insoluble salta. 
Dissolve these in acetic acid, and divide the solution 
into two equal parts. One portion of the solution 
is then examined according to the dii'ections given 
§§ 84, 85, for quantitative determination of lime and 
magnesia. The other portion is heated according to 
the directions given for the estimation of phosphoric 
acid § 113, and for hydrochloric acid, § 114. Kaving 
obtained the total amounts of sodium, calciimi, and 
magnesium, and the amounts of phosphoric acid and 
hydrochloric aeid, the result of the analysis is 
calculated as follows : The amount of hydrochloric 
acid obtained by the aqueous solution is combined 
with the sodium, and calculated as sodium chloride, 
and any overplus of soda is combined with the car- 
bonic acid and reckoned as sodium carbonate. The 
whole of the magiiesium is combined with phosphorio 
acid as magnesium phosphate, and the excess of 
phosphoric aeid is deducted from the original amount 
of phosphoric acid obtained by volumetric analysis. 

2%u ia combined with the lime, sxvd cs^leulated i 
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calcium pLosphata But as it ia insufficient to com- 
bine with the whnle of the iime, tiio amount of hydro- 
chloric acid obtained from the acid solution (not from 
the aqueous solution, which has been combined with 
Bodium to form sodium chloride) is calculated as 
calcium chloride, and the portion of the lime that 
Btill remains uncombined ia then taken as calcium 
carbonate. The fluorine may be determined either 
by makiug an exact determination of the carbonic 
acid existing in lime, instead of assuming that the 
whole of lime that ia not combined with phosphoric 
acid and hydrochloric acid as given above. It is then 
found that a minute quantity of lime is in excess of 
what is required to form calcium carbonate, and thia 
quantity represents the amount that combines to form 
calcium fluoride. To estimate the quantity of car- 
bonate lime, a weighed quantity of unbumt bone, 
finely pulverised, is to be thoroughly extracted with 
boiling water to remove soluble chlorides. The 
residue dried, and placed in a glass Sask fitted with a 
desiccating tube ; a test-tube containing hydrochloric 
acid is then placed in the fiask, so arranged that by 
means of a fine wire passed through the cork of the 
flask it may be allowed to flow gradually over the 
dried portion of bone at the bottom of the flask. The 
apparatus and its contents are then weighed ; the 
hydrochloric acid is poured gently over the powdered 
bone, till it ceases to eflervesce on addition of acid. 
The flask is then shaken from time to time to dis- 
engage any gas that may be remaining, and afterwards 
weighed, the loss of weight representing the amount 
of carbonic acid in combination with the lime. Now, 
by the previous process we have determined the total 
amount of lime in the ash of bone, and have found 
how much conibines with the phosphoric acid, how 
much with hydrochloric acid, and now we have found 
the quantity that goes to form caloima cax'oaQaJuik \ <i!Eia 
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OTcrphB vt lime, tbeiiduii), diat i 
ealctUatioiia ma,j be reckoned ai 
Hm determiittdoD, hovever, of calcntai flnaride » oC 
little pfvctieal ralne in dinieal or p«dkologteBl invnti- 
gstionfi, BO tbat th^ direct detenoiii&tioii of tlie aUciam 
cxrbonaie n«d not necesfianly be reeorted to ; anid tlia 
anaJjuB of bone mav be condaded bj the indiract 
defaBmujistioit of the carbon&t^, that is, br the prr>- 
ens of cttlcaUting oat first tlie amovat of lima 
eoinlniiied witb phosphoric acid, and the amonnt 
combiiied 'wiUi hydrochloric acid, lesring Uie over- 
pins of lime to be calcolated as carixmate. Ho 
preaence of fincwine can be detennined hy treatjag 
lai^ qnantitiea of the ash of bones with strong 
galphiuic acid, and geaHj heating tlie mixtoie in a 
glaAs vessel, wh«n the glass vill become corroded. 
If the glass vessel has been previously weighed, the 
amount of fluorine can be determined by the loss of 
weight the glass sustains. 

With regard to the chemical chanires taking place 
in bone in rickets, much difference of opinion has be«> 
expressed, it has been held that the calmreous salts 
are not retained, owing to the inability of the organic 
matrix to nx them ; or that they are dissolved out 
of the matrix, owing to the excessive formation of 
lactic acid in the system. These views have been 
based upon the supposition that the nrine contains an 
excess of lime salts. This is based, however, on very 
insutlicient evidence, and is not confirmed by the 
more recent analyses of uriae from rachitic patient!, 
which points very conclu^vely to the fact that the 
lime salts are not excessively excreted by the kidneys 
in this disease. Dr. Seeman {Zur PiOhogeneK wrtd 
jEtioloi/ie dm- Rtiehitu ; Vifckovis Archiv., Ixxvii, 
1879), who has analysed tlie urine of sixteen rachitic 
children, has actually found a diminution, which was 
atM auarked when tbe diseaae ««» at. its height II 
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is probable that the bone ctianges in rickets i 
a Ume starvation rather than to a lime withdrawal 
the salts of that base not being introduced in sufficient 
qnaotit; into the aystem, the catarrhal condition- of 
Uie mucoua membi-ane of the intestines, which invari- 
ably accompanies this disease, hindering their absorp- 
tion. A condition termed hemorrhagic rickets has 
lately been described ; it ia doubtful whether this ia 
related in any way to scurvy, or, to apeak more accu- 
rately, the result of a scorbutic condition, or is merely 
an exaggeration of the hypeneraic condition of the 
periosteum, which is more or less always noticeable in 
the bones of rickety chjldran. This is a question for 
histologists to decide, but it is an interesting fact that 
these cases improve under the administration of 
lime-juice. In osteomalacia the poverty of bone in 
calcareous constituents evidently depends on the re- 
absorption of the lime salts, siuoe not only does the 
urine demonstrably ahow an excess of earthy phos- 
phates, but these salts are also deposited in the tissues. 
{See Calcareous degeneration, page 372.) Some have 
supposed that the withdrawal is due either to excessive 
formation of lactic acid in the system, or to its local 
formation in the bone itself. The fact that lactic 
acid administered in lai^ quantities, as in the lactic 
acid treatment of diabetes, or experimentally in the 
case of animals, seems to show that excessive forma- 
tion of lactic acid is not the cause. It is probable 
in this case that the process is truly a degenerative 
one, like myxcedema, and in which the organic 
matter of the bone reverts to its embryonic con- 
dition, which MorochowjtB believes to be a mixture 
of collagen and mucin. It ia interesting to ob- 
aervH, in connection with its probable relation to 
myxiedema, that it most frequently attacks women, 
at about the same age when myxffidema makes its 
appearance. 
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%rmwvj, BOBl, and riiemtAtisiN. — These 
diseases may be ronsitlered as t_rpic&] e3&iii;iles of 
disorders arising, in the first instance, from chemica] 
Alterations in the quality of the biood. In their 
eariy stagen, or ill-defined forma, they often preeent 
many features common to each other. Indi°«d, the 
done resemblance between gout, rheumatism, and 
scurvy in their early stages repeatedly attracted the 
notice of the older writers on the subject. Thus, 
Sydenham'* says, " where matter suited to prodncfl 
the goQt is newty gen^sted there appear various 
lymp^ms which occasion us to anapect the scorvj, 
till die formation and actual appear&nce of the gout r&- 
m<rve ail doubt concerning the disorder." TTiesj-mptoms 
common to tbese disorders in their early stages may 
be thns briefly ennmerated. Fugitive and erratic 
pains in the limbs ; tenderness of tiie joints ; attaicks 
of dyspncea, more or less peroxysmal in character ; 
severe attacks of pain over the region of the heart ; 
weak and intermittent pulse ; irregular discharge at 
urine, sometimes profuse and of low specific gravi^, 
at other times scanty and concentrated ; and a toi- 
dency to subcutaneous hKmorrhages ; whilst one point 
in common to these symptoms, worthy of especial con- 
aderation, is their extreme motility, the paroxysmal 
nature of their onset, the suddenness with which they 
disappear or transfer themselves from one region or 
organ to another. These sudden changes afford ad- 
ditional support to the view that these derangementa 
are caused by chemical alterations in the quality of 
the blood. What the precise nature of these chemical 
changes may be is not yet definitely established, bat 
evidence is gradually increasing which points more 
and more to the conclusion that they arise from a 
diminution of the normal alkaline reaction of the 
blood. 

* "Da Bboanuitiuno,'' mc^ 6, ca^ . ^. 
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With regard to acurvy, the most important ob- I 

servations have been made by Mr. Busk nnd Dr. 

kGarrod. The foi-mer, in a series of analyses of blood, 
published in Dr. G. Budd's article on Scurvy, in the 
" Library of Medicine, "showed that in this diacaae there 
was a considerable diminution of the corpuscles and 
increase in the fibrin, and an augmentation of the in- 
organic residua Unfortunately, Mr. Busk did not 
complete his observations by making a separate esti- 
mation of each of the inorganic oonatituenta. In 1848, 
however, Dr. Garrod found that in the urine of ecurvy 
patients the potash salts were considerably diminished. 
This observation of Dr. Giairod I was able to confirm 
in 1877,* Dr. Garrod thought that this diminution 
of potash was due to a deficiency of this base in the 
food of those affected, but it has been subsequently 
shown that this cannot be the case, since peas, which 
form an important item of the sailor's diet, are rich in 
this substance ; and, moreover, if we give patients 
sufiering from the disease unJunited quantities of 
Liebig's extract of meat, a food extremely rich in 
potAsh salts, no amelioration occurs till lemon juice, 
potatoes, or other fresh vegetable substance is ad- 
ministered as well. This suggests that scurvy does 
not depend on the withdrawal of potash from the 
system, but on some alteration subsisting between the 
organic acids and the base. With regard to this point, 
I was able to establish the important fact that the 
urine passed by scorbutic patients was deficient not 
only in potash but also in the alkaline phosphates. 
Thus, after the withdrawal of all vegetable food for 
eighteen days, I found the alkaline phosphates had 
sunk from 2-1 grma. to 1-6 grms., whilst there was a 
slight increase of the earthy phosphates. Again, in 
four cases of acurvy, two of which are related in my 

* "An Enquirj mCo tho General Pathologr ot Sauiv^." I*?™., 
1877. 
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pamphlet, and two 1 have subEecpientJy observed, 
I found in the first case that the alkahne phosphates 
on admission were as low aa 0'76 grm., but that 
on the administration of lemon juice, the diet in other 
respects being the saiDC, they rose to 1 '6 grms. In the 
second case, the amount on admission was 0'S7 grni,, 
which rose after administration of lemon juice to 1'6 
gm)s. In the third case the rise was not so marked, 
being from 1 '25 grma. to 1 -77 grms. ; and in the fourth 
cnsa the lemon juice increased the amount from 0'S7 
gno. to 1'29 grms. In all these cases the diet was the 
same throughout, the only difference being the ad- 
ministration of a small quantity of lemon juice (2 oz. 
daily), which could not possibly account for the de- 
cided increase of the alkaline phosphates. It therefore 
seems to me that these salts are retained in the system 
in scurvy to supply the deficiency of the other alkaline 
salts, the alkaline carbonates and bicarbonates, which 
are withdrawn when fresh vegetables are withheld. 
This Tiew is in accord with the experiments of Hoff- 
mann and Loscar, to which attention has been already 
called (§ 93, page 68). There can be no doubt that 
the alkalescence of the blood is mainly dependent on 
the formation of the alkaline carbonates derived from 
the reduction of the organic salts, the lactates, malatea, 
citrates, etc., introduced with the food, chiefly by vege- 
tables, but also, as the experience of Dr. Neal in the Eira 
Expedition tends to show {Med. and Chir. Soc Tram«., 
18S3), with fi-esh meat as well. When tJiis supply is 
cut off, as is the case in long voyages or in sieges, etc., 
the blood is deprived of one of its sources for maintain- 
ing its alkalescence at its noi-mal point, and conse- 
quently it falls back on the other alkaline salts, vis., 
the alkaline phosphates, to supply the deficiency. In 
this way it may maintain the proper degree of alka- 
linity for a time, but after a wliile a minimum point 
is reached which is incompatible with healthy nutrition. 
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and textural chaoges are the result. These changes in 
scurvy resemble closely those induced in animals, in 
whom, hy feeding with food rich in acid salts, or by 
the direct administration of acids, the alkalinity of the 
blood has been slowly diminished, viz., dissolution of 
the blood globules, ecchymoaes in the heart, blood- 
stains in the mediastinum, gums, and mucous surfaces; 
whilst the muscalar sti-ucture of the heart and muscles 
generally, as well as the secreting cells of the liver and 
kidney, become granular and eveu distinctly fatty 
(5 93, page 69). With regard to the influence of the 
organic salts ia the prevention of scurvy, it is inter- 
esting to remark that their range is apparently limited. 
Experience has shown us that fresh vegetables alone 
are efGcacious as anti-scorbutics, and the same may be 
sitid of meat. In Arctic regions, where the meat is 
frozen almost as soon as killed, and in hot countries, 
where it is eaten before the changes induced by rigor- 
mortis set in, meat is considered as highly auti-scorbutio. 
In Europe, where the meat is generally kept some 
time before it is used aa food, it is not so reput^ The 
explanation of this lies in the fact that fresh vege- 
tables and meat undergo changes by keeping with 
regard to the relation of the organic acids to the bases. 
Thus, the juices of fresh vegetables contain a certain 
quantity of organic acid (malic, citric, tartaric, etc.) 
in combination with a definite quantity of a base. 
On keeping, fermentative changes take place in the 
saccharine elements (as we see in fodder preserved by 
ensilage), and an additional quantity of free organic 
acid is formed (this in the case of vegetables ia acetic 
acid), whilst the quajitity of the base in the vegetable 
remains constant. Now this additional acid takes a 
portion of the base from the existing salts, reducing 
iiiem from alkaline or neutral salts, with three or two 
equivalents of base, to acid salts, with only one equiva- 
Imt. These acid salta, tha matehes, (ito^oaji, ■acs^K&s^^ 
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etc., in tnm are reduced iu the blood to acid carbonates 
(bicsrbonatps), salts whinh, though they may have an 
ulkaliiie 'reuction, play the part of na acid in the 
systein, and effect decom positions with neutral solte in 
all respects like acids (see formula pages 24, TO, 183). 
The same may be said with regard to meat, since after 
rigor mortis* has set in there is an increase of lactic 
acid in its juices, 8o that acid instead of alkaline laxAates 
are formed. From the foregoing it will be gathered 
that the development of scurvy depends in the main 
on a change in the conditions of the blood, in the di- 
rection of a diminution of its alkalescence, and that 
this diminution uay be caused either by the direct 
cutting off of organic salts which yield by oxydation 
alkaline carbonates in lb) blood ; or indirectly, though 
not nearly so immediately, by the continued use of 
food which contains acid instead of alkaline sails. 
And further, that this change in the composition of the 
blood is more real than apparent, since the acid salt is 
a bicarbonate of potash or soda, a salt which has an 
alkaline reaction, and BO apparently continues to give 
blood its alkaliue reaction, whilst its chemical consti- 
tution is that of an acid salt, and acts as such in the 
chemical decompositions it occasions in the body. It 
is only by this means, as we have seen when discussing 
the nature of the reaction of the urine and the gastrio 
juice (§g 107, 179), that we are able to account for the 
seeming paradox of the separation of these acid secre- 
tions from the alkaline blood. 

' It hni been painted out rb ui objeotion to the view tbkt kept 
me&thaa noaiiti acorbntie rirtuea, that the South American bnuten 
■ubeiat slmuBt onttrely on dried bung meat. So tbnt if scarvr de- 
pended on tbe undue development ol acid in tbe ioioetai tha 
meat after baviug been IdlleJ aome time, theae men ooght to (uffai 
from aeurry. wheretu the; &ro remarkablv free from the di»ue. 
It ia probable, however, that tbe rapid drying of the freahly kilW 
JSeal under a tropioal auD I'utaa atop to Uie tenneuUtive ohauu 
tliBt /irodaee exaea of Inctia uali, la that the "jerkeil" beef of 
^Ttridad eoanMea reaembles the trouu lueoi^ tft Axf^^te^wQi. 
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In gout B diminution of the alkaline reaction of 
tlie blood has also been observed. Dr. Garrod has 
pointed out, tbat with the exception of collapsed 
cliolero, aud perhaps certain, cases of albuminuria, the 
reaction of the blood is to be found nearer the neutral 
point in severe forms of chronic gout than in any other 
disease. This diminished alkalinity in the blood of 
gout has a relation, to that which happens in scurvy, 
for though it does not depend on the actual witlidrawal 
of alkaline salts supplied by fresh fruits and vegetables, 
yet the diminution is caused by the addition of acids 
or acid salts taken in excess with the food, or retaiAed 
in the system, the result of imperfect oliniination, etc, 
It is generally held that the excessive formation of uric 
acid is the re«son of the phenomena observed in this 
disease, but the idea is gaining ground that the pre- 
sence of tliis substance in the blood, and its deposit in 
tlie tissues, is not caused by excessive formation, but to 
the fact of its retention in the system and to its insolu- 
bility. When speaking of uric acid (g 111) it was 
stated that this substance ia never found in normal 
blood, or perhaps even in the blood of any disease 
except gout, and it is considered probable that in 
man it is not formed in the body to the extent that 
had been supposed. Indeed, the evidence seems to 
point to that fact, that the quantity formed in health 
is extremely small, and that it is destroyed almost as 
soon as formed, and so never enters the general current 
of the circulation. Whilst the small quantity (0'5 grm.) 
that esca])es daily by the kidney does not probably repre- 
sent the amount formed in the body, but is simply the 
uric acid formed by the kidney itself, and which passes 
directly out of the body instead of being destroyed. In 
gout, however, we have decided evidence that uric acid 
is present in the blood, that it is deposited in certain 
tiisuea ; and also, although the evidence is not quite 
aatdBtaotory to me that even, the smaii o^vKEi&SJs viv-'««a 
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acid which appears in normal urine is reduced. Dr. 
GaiTod considers gout to depend upon a failure of the 
renal function to excrete urio acid. In this way he 
accounts for the diminution of uric acid from the urine 
and its accumulation in the blood ; "whilBt its deposition 
in the tissues depends on this accumulation, and on the 
fact that uric acid is present in the blood in the form 
of insoluble urate of soda. If it could be satisfactorily 
proved that the minute quantity of uric a^id, O'fi grm., 
conatantly present in healthy urine, really came from 
tlie blood, or that it was proved beyond doubt that thia 
extremely minute quantity was atill further invariably 
reduced in gouty patienta. Dr. Garrod'a view might be 
accepted without challouge. But there are ditHcultiea 
in the way of accepting the belief that the uric Eicid of 
the urine comes from the system generally, whilst ita 
diminution in gout ia by no means invariable ; for 
where this diminution is chiefly observed is in chronic 
cases, where kidney changes have been established. 
In fact, I venture to think the accumulation of urio 
acid in the blood, and its deposit in certain tiasuea, 
depend on other conditions than failure of the renal 
function, and that the first step in the process lies in 
the failure of the tissues to reduce the uric acid formed 
in them, as is the case in health. In the large glands, 
or where the current of the circulation is free, the uric 
acid is carried into the blood and gradually reduced to 
tirea; in tissues outside the current of the circulation 
the insoluble uric acid is not so readily carried off, 
and BO on the slightest disturbance is deposited, as is 
the case in cartilages of the joints, the ear, etc. The 
conditions which prevent the normal destruction of 
uric acid in the tissues, and wliich permit it to pass 
into the circulation, depend probably on disturbance of 
innervation. These conditions I have endeavoured to 
£}rntu}a,te in the ohajiter on the derangements asso- 
taated with depositB of uric wa.\, in m^ work "On 
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Morbid Conditions of the Urine" (p. 65). Ab they are 
too Iftngthy to dwell upon here, it will be sufKcient 
briefly to state the concluaiona arrived at, which are that 
the first step in the pathology of gout ia a textuval de- 
generation, either hereditary or acquired, by which the 
tissues and blood become loaded with effete products; 
that such firediepoiini/ conditions lead at last to a dis- 
turbance of some special trophic nerve centre, caused 
either by a degenerative change in its structure, or de- 
rangement of its functions by the circulation through 
it of impure blood. This disturbance may be con- 
sidered the determining cause of the gouty attack. 
The result is the accumulation of uric acid in the 
blood, and the deposition of urate of soda in the 
tissues. 

With regard to the diminished alkalinity of the 
blood noticed in chronic gout, although no doubt in 
some measure due to the presence of uric acid and acid 
urates, yet excess of other organic acids undoubtedly 
has to be taken into consideration. For if the acids 
concerned in the production of gout were derived 
solely from the nitrogenous elements of the food and 
tissues, then by a rigid limitation of animal food within 
physiological limits we might hope to check or control 
ttie progress of the disease. But other articles of diet 
besides the nitrogenous, or those which, like alcohol, 
disturb the functions of the liver, and are thus sup- 
posed to lead to increased formation of uric acid, give 
rise to gouty symptoms; and it is a common experience 
with the gouty that there is aa much arthritia trouble 
in a plateful of apple tart as in a mutton chop, and in 
a few Btiuwberries as in a glass of port wine. 

In rheumatism, no observations, as far as I am 
aware, have been made to determine whether there is 
a diminution of the alkaline reaction of the blood ; but 
no one can have obHcrved the enormous quantity of 
acid poured out from the boilg \>^ tioa '^\»- v 
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iliaeaae, or have noted the high degree of the acidity o( 
the iirme during the progreaa of the attack, without 
coming to the conclusion that an excessive formatioii of 
acid is going on. in the system. What the uatiu'e and 
character of the acid is, or how formed, we know 
absolutely nothing, though some hare supposed it to 
be lactic acid. Whatever the acid may be, its de- 
velopment seems to be local rather tlian general, and 
is apparently excited by catarrhal influences rather 
than by previous accumulation of aaid in the tissues 
and fluids. The acute manifestation of the disease 
occurring for the most part among young adults, or 
during the earlier period of middle age, there is not the 
same impaiiTnent of tisEue as is the case with gouty 
patients, which may account for the noii-depoaition 
of urate of soda ; or else the specific character of the 
inflammation being excited by a different cause, and 
not to a prolonged saturation of the tissues with acid 
products, does not lead to the accumulation and de- 
posit of uric acid in the tissues. 
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